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CHAPTER I :  INTRODUCTION 
The  i dea  o- f  measu r ing  sound  p ressu re  l eve l  <SPL)  i n  the  ea r  cana l  
has  been  i n  ex i s tence  - fo r  a t  l eas t  40  yea rs .  W iene r  and  Ross  (1946 )  
used  a  p robe  tube  m ic rophone  sys tem to  desc r i be  the  changes  i n  SPL  
t ha t  occu r  as  sound  - f i e l d  measuremen ts  a re  ob ta ined  as  the  p robe  tube  
i s  p laced  c lose r  t o  the  ea rd rum.  They  - f u r the r  demons t ra ted  t ha t  the  
p resence  o- f  t he  sma l l  p robe  tube  i n  the  ea r  cana l  d i d  no t  
s  i  gn  i - f  i  can  11  y  a l t e r  the  measured  SPL  o - f  t he  s i gna l .  These  - f i nd ings  
have  p rov ided  the  g roundwork  - fo r  con t i nued  resea rch  on  ea r  cana l  
measuremen  t s .  
App l i ca t i ons  - fo r  t he  use  o f  ea r  cana l  measuremen ts  have  been  
cons ide red  as  a  po ten t i a l  me thod  - fo r  t he  se lec t i on  and  - f i t t i ng  o- f  
hea r ing  a ids .  Cu r ren t l y ,  t he re  i s  l i t t l e  agreemen t  i n  the  l i t e ra tu re  
rega rd ing  a  p re fe r red  me thod  o- f  hea r ing  a id  se lec t i on ,  and  the re  
appears  t o  be  no  subs tan t i a l  ev idence  wh ich  wou ld  i nd i ca te  the  
supe r io r i t y  o - f  any  one  me thod .  A  va r i e t y  o- f  t echn iques  and  p rocedures  
has  been  p roposed  ove r  t he  yea rs  as  a  means  - fo r  se lec t i ng  
amp 1 i  f i  ca t  i  on .  
One  common ly  used  me thod  i s  the  compara t i ve  app roach  desc r i bed  by  
Carha r t  ( 1946 ) .  Th i s  i nvo l ves  p rese lec t i ng  seve ra l  hea r ing  a ids  
• fo l l ow ing  the  aud io log i c  eva lua t i on .  The  d i f f e ren t  hea r ing  a ids  a re  
then  each  t es ted  on  the  i nd i v idua l  us ing  a  pa r t i cu la r  s t imu l i  ( such  as  
speech  recogn i t i on  tasks ) .  Compar i sons  be tween  the  hea r ing  a ids  a re  
based  upon  the  improvemen t  no ted  i n  t es t  resu l t s .  Acco rd ing  t o  Wa lden  
e t . a l  (1983 )  seve ra l  assumpt ions  unde r l i e  t h i s  t ype  o f  app roach .  
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These  a re :  
<a )  s i gn i f i can t  d i f f e rences  ex i s t  be tween  hea r ing  a ids  and  a re  
re f l ec ted  on  t es t  pe r fo rmance ,  
<b )  d i f f e rences  among  a ids  w i l l  va ry  among  pa t i en ts .  
( c )  pe r fo rmance  d i f f e rences  among  a ids  can  be  measured  re l i ab l y  
by  a  se lec ted  tes t  s t imu l i .  
( d )  t he  pe r fo rmance  f o r  a  g roup  o f  hea r ing  a ids  rema ins  s tab le  
ove r  t ime .  
<e )  t he  pa t i en t ' s  c l i n i ca l  t es t  s i t ua t i on  w i l l  r e f l ec t  the  
pe r fo rmance  o f  t he  hea r ing  a id  i n  day  t o  day  s i t ua t i ons .  
However ,  acco rd ing  t o  these  au tho rs ,  t hese  bas i c  assumpt ions  may  
no t  a lways  be  accu ra te .  They  repo r ted  tha t  when  hea r ing  a ids  w i th  
s im i l a r  e lec t roacous t i c  cha rac te r i s t i cs  a re  t es ted ,  s i gn i f i can t  
d i f f e rences  i n  pe r fo rmance  w i l l  no t  be  obse rved .  A l so ,  t he  t es t -
re tes t  r e l i ab i l i t y  o f  t he  common ly  used  monosy l l ab i c  word  l i s t s  may  
no t  be  su f f i c i en t  t o  demons t ra te  i n te r  a id  d i f f e rences .  F ina l l y ,  t hey  
i nd i ca ted  tha t  t he  hea r ing  a id  tha t  resu l ted  i n  the  bes t  pe r fo rmance  
c l i n i ca l l y  was  no t  a lways  the  one  j udged  mos t  bene f i c i a l  i n  da i l y  
l i v i ng  when  used  on  a  home t r i a l  bas i s .  Wa lden  e t . a l  <1983)  conc luded  
tha t  these  assumpt ions  mus t  be  f u r the r  t es ted  by  c l i n i c i ans  i f  they  
a re  go ing  t o  use  a  compara t i ve  app roach  t o  hea r ing  a id  se lec t i on .  
Ano the r  t ype  o f  hea r ing  a id  se lec t i on  me thod  i s  the  p resc r i p t i ve  
app roach .  One  such  app roach  has  been  re fe r red  to  as  the  ha l f -ga in  
ru le ,  wh ich  was  recommended  by  Be rge r  <1976) .  These  t ypes  o f  
app roaches  have  an  advan tage  i n  tha t  t hey  a re  l ess  t ime  consuming  and  
have  g rea te r  un i f o rm i t y  be tween  c l i n i c i ans .  However ,  t he  bas i c  
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presc r i p t i ve  - fo rmu la  i s  de r i ved  f rom measuremen ts  i n i t i a l l y  ob ta ined  
i n  me ta l  coup le rs .  These  and  o the r  me thods  used  i n  amp l i f i ca t i on  
se lec t i on  have  been  rev iewed  by  Schmi t z  <1980) .  
L ibby  (1984)  has  ma in ta ined  tha t  the  use  o f  any  s i ng le  hea r ing  
a id  se lec t i on  p rocedure  l acks  the  suppor t  o f  sc ien t i f i c  ev idence ,  and  
t ha t  t he  ma jo r  reason  f o r  l ack  o f  p rog ress  i n  hea r ing  a id  se lec t i on  
p rocedures  i s  tha t  t he  t rue  f requency  response  o f  a  hea r ing  a id ,  as  
pe rce i ved  by  the  weare r ,  has  been  a lmos t  i gno red .  A  ma jo r  con t r i bu to r  
t o  t h i s  p rob lem i s  the  f ac t  t ha t  t he  measuremen t  o f  t he  
e lec t roacous t i c  cha rac te r i s t i cs  o f  t he  hea r ing  a id  has  t r ad i t i ona l l y  
been  done  i n  ha rd  wa l l ed  me ta l  coup le rs .  Numerous  i nves t i ga to rs  have  
obse rved  s ign i f i can t  d i f f e rences  be tween  coup le r  measuremen ts  and  rea l  
ea r  measuremen ts  o f  hea r ing  a id  pe r fo rmance .  (Ewer t son ,  I psen ,  and  
N ie l sen ,  1957 ;  P reves ,  1977 ;  S tudebake r ,  Cox ,  and  Wark ,  1978 ;  
S tudebake r  and  Zachman ,  1970 ;  Bu rkha rd  and  Sach ,  1977 ) .  Based  upon  the  
d i sc repenc ies  obse rved  be tween  measuremen t  t echn iques ,  i t  wou ld  appear  
t ha t  coup le r  measuremen ts  may  no t  be  adequa te  f o r  es t ima t i ng  hea r ing  
a id  pe r fo rmance .  
The  p rocedures  and  i ns t rumen ta t i on  used  f o r  ob ta in ing  ea r  cana l  
SPL  measuremen ts  have ,  un t i l  r ecen t l y ,  been  con f i ned  to  l abo ra to ry  
resea rch .  L ibby  <1984)  c i t es  two  reasons  f o r  t h i s  l ack  o f  c l i n i ca l  
imp lemen ta t i on :  <a )  t he  need  f o r  an  anecho ic  chamber  i n  o rde r  t o  
ob ta in  accu ra te  ea r  cana l  measuremen ts  and  <b )  t he  c l i n i c i an  lacks  a  
conv ien ien t  m ic rophone  sys tem fo r  ea r  cana l  measu remen ts .  
Manu fac tu re rs  o f  t he  Ras t ron i cs  CCI -10  F requency  Response  Ana lyze r  
<CCI  — 10 )  c l a im  to  have  ove rcome bo th  o f  t hese  obs tac les  t o  rou t i ne  
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c l i n i ca l  use ,  
The  CCI -10  cons i s t s  o- f  t he  - f o l l ow ing  componen ts  (as  desc r i bed  by  
the  manu fac tu re r )  :  a  sound  p ressu re  l eve l  mon i to r i ng  ( re fe rence )  
m ic rophone ,  a  p robe  m ic rophone  w i th  a  f l ex ib le  s i l i cone  tube  con ta ined  
i n  a  s i ng le  assemb ly ,  a  h igh  pe r fo rmance  compresso r ,  a  v ideo  mon i to r ,  
a  l oudspeake r  and  a  p r i n te r .  The  equ ipmen t  spec i f i ca t i ons  p rov ided  by  
the  manu fac tu re r  a re  l oca ted  i n  Append ix  A .  Th i s  equ ipmen t  i s  
ava i l ab le  commerc ia l l y  and  i s  pu rpo r ted  to  be  su i t ab le  f o r  se lec t i on  
and  f i t t i ng  o f  hea r ing  a ids ,  i nc lud ing  measuremen ts  o f  acous t i c  
mod i f i ca t i ons  such  as  ven ts ,  dampers  and  va r i ous  ea rmo ld  
con f  i  gu ra t  i  ons .  
The  accu racy  o f  t he  measuremen ts  ob ta ined  on  the  CCI -10  have  no t  
ye t  been  i nves t i ga ted  i n  de ta i l ,  desp i te  the  manu fac tu re r ' s  c l a ims  
tha t  i t  cou ld  be  used  i n  c l i n i ca l  se t t i ngs .  The  pu rpose  o f  t h i s  paper  
was  t o  i nves t i ga te  th ree  ma in  i ssues .  The  f i r s t  pu rpose  was  t o  
de te rm ine  the  accu racy  o f  t he  i ns t rumen t ,  The  second  pu rpose  was  t o  
de te rm ine  whe the r  p robe  tube  p lacemen t  l oca t i on  (be tween  the  ea rmo ld  
and  ea r  cana l  o r  i nse r ted  th rough  a  spec ia l  ven t  i n  the  ea rmo ld )  wou ld  
have  an  e f f ec t  on  t he  measuremen ts  ob ta ined .  The  f i na l  pu rpose  was  t o  
de te rm ine  whe the r  t he  CCI -10  cou ld  measure  sma l l  acous t i ca l  changes  i n  
hea r ing  a id  i nse r t i on  ga in  when  d i f f e ren t  s i zes  o f  Se lec t -A -Ven t  p lugs  
were  i nse r ted .  
CHAPTER I I :  REVIEW OF L ITERATURE 
Arnp l  i  f  i  ca t  i  on  Sys tem 
The  t r ad i t i ona l  beh ind - the -ea r  <BTE> hea r ing  a id  i s  coup led  t o  
the  ea r  by  means  o - f  an  ea rmo ld .  The  p r imary  pu rpose  o- f  t he  ea rmo ld  i s  
to  conduc t  t he  amp l i f i ed  sound  i n to  the  ea r  cana l  t oward  the  t ympan ic  
membrane .  
Cox  <1979)  desc r i bed  the  usua l  componen ts  o f  t he  t o ta l  BTE 
hea r ing  a id  coup l i ng  sys tem as  be ing :  an  ea rmo ld ,  40 -45  mm o f  t ub ing ,  
an  ea rhook  a t tached  to  the  nozz le  o f  a  hea r ing  a id ,  8 -10  mm o f  
f l ex ib le  rubber  t ub ing  i ns ide  the  hea r ing  a id  wh ich  coup les  the  
rece i ve r  ou t l e t  t o  the  nozz le ,  and  an  a i r  f i l l ed  cav i t y  i n  f ron t  o f  
t he  rece i ve r  d iaph ragm.  When  measur ing  the  acous t i c  pe r fo rmance  o f  a  
hea r ing  a id ,  the  coup l i ng  sys tem i n  comb ina t i on  w i th  the  hea r ing  a id  
mus t  be  cons ide red .  A l t hough  the  i nc reas ing l y  popu la r  i n - the -ea r  ( ITE)  
hea r ing  a ids  have  e l im ina ted  many  o f  t he  t r ad i t i ona l  componen ts ,  t he  
en t i r e  amp l i f i ca t i on  sys tem as  worn  by  the  i nd i v idua l  use r  mus t  s t i l l  
be  cons ide red .  T rad i t i ona l l y ,  the  e lec t roacous t i c  measuremen t  me thods  
wh ich  es t ima ted  the  pe r fo rmance  o f  a  hea r ing  a id  have  i nc luded  the  
hea r ing  a id  bu t  have  f a i l ed  to  accoun t  f o r  a l l  aspec ts  o f  t he  coup l i ng  
sys tem and  the  i nd i v idua l  weare r .  
Coup le r  Measuremen ts  
A  hea r ing  a id ' s  e lec t roacous t i c  cha rac te r i s t i cs  have  
t r ad i t i ona l l y  been  measured  i n  ha rd  wa l l ed  me ta l  coup le rs ,  r e fe r red  to  
as  the  2  cc  coup le r .  The  2  cc  coup le r  was  deve loped  t o  p rov ide  a  
rep roduc ib le  me thod  o f  measur ing  hea r ing  a id  ou tpu t ,  p r imar i l y  f o r  
pu rposes  o f  i n te r -hea r ing  a id  compar i sons  and  qua l i t y  con t ro l .  Th i s  
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coup le r ,  wh ich  i s  s t i l l  the  s tanda rd  measuremen t  o - f  e l ec t roacous t  i c  
cha rac te r i s t i cs  spec i f i ed  by  ANSI  (S  3 .22 -1982) ,  was  des igned  on  the  
p remise  t ha t  t he re  i s  app rox ima te l y  2  cc  o - f  a i r  vo lume rema in ing  i n  
the  adu l t  ex te rna l  aud i to ry  mea tus  w i th  an  occ lud ing  ea rmo ld  i n  p lace .  
Acco rd ing  t o  Cox  (1979 ) ,  1 .5  cc  ( ra the r  than  2  cc )  i s  a  c lose r  
es t ima te  t o  the  ac tua l  rema in ing  vo lume o- f  a i r  w i th  the  occ lud ing  
ea rmo ld  i n  p lace .  The  2  cc  coup le r  was  no t  i n tended  to  ma tch  the  
impedence  o - f  t he  ex te rna l  aud i to ry  cana l  o r  t he  ea rd rum.  
A l though  the  2  cc  coup le r  was  no t  o r i g ina l l y  i n tended  as  a  means  
o - f  p red i c t i ng  hea r ing  a id  pe r fo rmance  on  i nd i v idua l  use rs ,  t he  
f requency  response  cu rves  a re  o f ten  used  by  c l i n i c i ans  i n  the  hea r ing  
a id  se lec t i on  p rocedure  as  a  means  o f  p red i c t i ng  hea r ing  a id  
pe r fo rmance  f o r  the  i nd i v idua l .  However ,  r esea rch  resu l t s  have  
demons t ra ted  s i gn i f i can t  d i f f e rences  i n  e lec t roacous t i c  ou tpu t  when  
measuremen ts  ob ta ined  on  a  2  cc  coup le r  have  been  compared  t o  those  
ob ta ined  on  rea l  ea rs .  The re fo re ,  t he  p rac t i ce  o f  c l i n i c i ans  o f  
r e l y i ng  on  the  f requency  response  cu rves  ob ta ined  i n  a  2  cc  coup le r  
may  be  an  i naccu ra te  assessmen t  o f  i nd i v idua l  hea r ing  a id  ga in  wh i l e  
be  i  ng  worn .  
McDona ld  and  S tudebake r  (1970 )  compared  SPL  measuremen ts  ob ta ined  
on  a  2  cc  coup le r  t o  ea r  cana l  p robe  m ic rophone  measuremen ts  wh i l e  
va ry ing  ea rmo ld  con f i gu ra t i ons .  The  f ou r  d i f f e ren t  ea rmo ld  
con f i gu ra t i ons  cons i sde red  were  rep resen ta t i ve  o f  gene ra l  c l i n i ca l  
p rac t  i  ce :  
1 )  a  s tanda rd  occ lud ing  ea rmo ld ,  
2 )  an  ea rmo ld  w i th  a  sho r tened  cana l  and  ho l l ow  concha  sec t i on ,  
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3)  an  ea rmo ld  w i th  a  sho r tened  cana l ,  ho l l ow  concha  sec t i on  
and  ven ted .  
4 )  an  open  ea rmo ld .  
When  t he  s tanda rd  ea rmo ld  was  used ,  t he  p robe  m ic rophone  resu l t s  
showed  a  7 -8  dB  r i se  i n  SPL  - fo r  - f r equenc ies  above  1000  Hz  when  
compared  t o  the  2  cc  coup le r  r esu l t s .  D i  - f - f e rences  i n  SPL  be tween  the  
two  measuremen t  me thods  were  no  g rea te r  than  2 .8  dB  - fo r  - f r equenc ies  up  
t o  800  Hz ,  wh ich  i nd i ca ted  a  good  ag reemen t  be tween  those  me thods  - fo r  
t he  l ow  f requenc ies .  The  p robe  m ic rophone  measuremen ts  w i th  the  
ven ted  and  open  ea rmo ld  showed  cons ide rab le  reduc t i ons  i n  the  l ow  
f requency  reg ion  as  compared  t o  the  measuremen ts  w i th  the  occ luded  
ea rmo ld .  The  imp l i ca t i ons  o f  these  resu l t s  demons t ra ted  the  necess i t y  
t o  cons ide r  t he  en t i r e  amp l i f i ca t i on  sys tem i nc lud ing  a l l  ea rmo ld  
mod i f i ca t i ons  du r ing  the  hea r ing  a id  eva lua t i on  as  oppossed  t o  re l y i ng  
on  on l y  the  f requency  response  cu rves  o f  t he  hea r ing  a id  as  measured  
i n  a  2  cc  coup le r .  
S tudebake r  and  Zachman  <1970)  a l so  repo r ted  h ighe r  SPL  measured  
i n  rea l  ea rs ,  o f t en  as  much  as  5 -7  dB  i n  the  h ighe r  f requenc ies ,  when  
compared  t o  the  2  cc  coup le r  measuremen ts .  McDona ld  and  S tudebake r  
<1970)  have  c i t ed  o the r  resea rche rs  who  have  obse rved  t h i s  i nc rease  i n  
measured  SPL  i n  rea l  ea rs  when  a l so  compared  t o  the  2  cc  coup le r  
measuremen ts .  N i cho las  <c i t ed  i n  McDona ld  and  S tudebake r ,  1970 )  no ted  
a  5 -7  dB  i nc rease  a t  f requenc ies  above  1000  Hz  and  Van  Eysbe rge r  and  
Groen  <c i t ed  i n  McDona ld  and  S tudebake r  1970)  repo r ted  a  s im i l i a r  
t rend  w i th  d i f f e rences  as  g rea t  as  20  dB  a t  4000  Hz  when  the  two  
me thods  were  compared .  K i l l  i on  <1981)  sugges ted  t ha t  even  when  cus tom 
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earmo lds  have  been  measured  on  the  HA-1  coup le r ,  a  rough  ru le  o- f  t humb 
was  t o  expec t  a  h ighe r  SPL  i n  rea l  ea rs  o- f  3 .5  dB  i n  the  l ow  
- f requenc ies ,  5  dB  a t  1000  Hz ,  10  dB  a t  3000  Hz  and  15  dB  a t  4000  Hz .  
These  recommenda t ions  do  no t  t ake  i n to  accoun t  t he  oppos i te  - f i nd ings  
repo r ted  by  Ewer t sen ,  I psen ,  and  Ne i l sen  (1957) .  They  compared  ea r  
cana l  measuremen ts  t o  2  cc  coup le r  measuremen ts  and  repo r ted  an  
i nc rease  i n  the  measured  SPL  a t  - f requenc ies  above  2000  Hz  - f o r  t he  
coup le r ' s  response  ra the r  than  a  dec rease  i n  the  measured  SPL .  
Desp i te  the  impor tan t  - f unc t i on  o - f  i nspec t i on  con t ro l  pe r - fo rmed  by  
the  2  cc  coup le r ,  Lyba rge r  (  c i t ed  i n  S taab ,  1978 )  has  enumera ted  
seve ra l  d rawbacks  o - f  t h i s  dev i ce :  
1 )  Due  t o  the  s t i f f  wa l l s  and  l i t t l e  o r  no  acous t i c  res i s tance  
i n  the  2  cc  cav i t y ,  t he  hea r ing  a id  response  cu rves  may  show 
cons ide rab l y  sha rpe r  cu rves  than  those  obse rved  i n  rea l  ea rs .  
2 )  The  SPL  i n  rea l  ea rs  i s  genera l l y  h ighe r  ove r  a  l a rge  
f requency  band  than  tha t  measured  i n  the  2  cc  coup le r ,  
sugges t i ng  t ha t  t he  vo lume o f  t he  2  cc  coup le r  may  be  
l a rge r  than  des i rab le .  
3 )  The  shape  o f  t he  cav i t y  w i th in  the  2  cc  coup le r  i s  d i f f e ren t  
f rom rea l  ea r  cana l  shapes  and ,  consequen t l y ,  i t  i s  no t  
adequa te  f o r  open  cana l  measuremen ts .  
Due  t o  the  i nadequac ies  o f  t he  2  cc  coup le r ,  t he  Zw is lock i  
coup le r  was  deve loped  t o  more  c l ose l y  app rox ima te  the  impedance  o f  an  
ea r  cana l .  The  vo lume o f  t he  Zw is lock i  coup le r  when  occ luded  i s  
rough ly  1 .2  cc  as  compared  t o  the  2  cc  vo lume o f  t he  s tanda rd  2  cc  
coup le r .  The  Zw is lock i  coup le r  a l so  has  f ou r  resonan t  cav i t i es  wh ich  
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were  des igned  t o  compr i se  the  i ne r tance ,  res i s tance  and  comp l i ance  o- f  
t he  ea r  cana l  <Po l1ack ,1980) .  
S tudebake r ,  Cox ,  and  Wark  <1978)  compared  2  cc  coup le r ,  Zw is lock i  
coup le r ,  t h resho ld ,  and  p robe  tube  m ic rophone  measuremen ts  on  
s tanda rd ,  ven ted ,  and  open  ea rmo lds .  The  measuremen ts  ob ta ined  on  the  
Zw is lock i  coup le r  showed  t ha t  t he  ven t  assoc ia ted  resonance  was  
s  i  gn  i  - f  i  can  11  y  more  damped  than  tha t  on  the  2  cc  coup le r ,  bu t  was  no t  
as  damped  as  those  ob ta ined  - f rom rea l  ea r  measures .  S tudebake r  e t  
a l . ,  (1978 )  no ted  tha t  t he  Zw is lock i  measuremen t  r esu l t s  more  c l ose l y  
app rox ima ted  the  rea l  ea r  r esu l t s  than  d id  the  2  cc  coup le r ,  bu t  t ha t  
no tab le  d i - f - f e rences  be tween  the  rea l  ea r  and  Zw is lock i  measuremen ts  
were  s t i l l  p resen t .  Some o - f  t hese  d i - f - f e rences  may  have  been  due  t o  
the  t i gh te r  sea l  o f  t he  ea rmo ld  t o  the  coup le r  t han  tha t  on  a  rea l  
ea r .  The  acous t i c  l eakage  a l l owed  by  the  sea l  i n  rea l  ea rs  resu l ted  i n  
a  damped  f requency  response  and  a  l ess  s teep  l ow- f requency  s lope .  
A l though  the  Zw is lock i  coup le r  more  c l ose l y  app rox ima ted  the  
cha rac te r i s t i cs  o f  t he  ea r  cana l ,  i t  d id  no t  accoun t  f o r  the  e f f ec t  o f  
head  and  body  d i f f r ac t i on .  I n  o rde r  t o  more  c l ose l y  s imu la te  rea l  
l i f e  cond i t i ons ,  some resea rch  have  i nc luded  measuremen t  w i t h  man ik in  
heads  w i thou t  t o rso ,  mos t  o f  wh ich  d id  no t  a t temp t  t o  dup l i ca te  the  
ea r  cana l  t r ansmiss ion  cha rac te r i s t i cs .  However ,  t he  Know les  
E lec t ron i c  Man ik in  f o r  Acous t i c  Research  (KEMAR)  was  equ ipped  w i th  a  
Zw is lock i  coup le r  and  was  i n tended  to  p rov ide  more  l i f e l i ke  tes t  
cond i t i ons .  Be r land  (1982)  desc r i bed  the  bas i c  se t  up  i n  an  anecho ic  
chamber  f o r  ob ta in ing  " s imu la ted  i n  s i t u "  wh i l e  those  ob ta ined  on  
human  sub jec ts  was  re fe r red  to  as  " i n  s i t u " .  The  d i f f e rences  i n  
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nomenc la tu re  have  resu l ted  i n  some con - fus ion  as  t o  the  i n te rp re ta t i on  
o- f  t he  hea r ing  a id ' s  response .  Fo r  examp le ,  acco rd ing  t o  Hawk ins  and  
Schum <1984) ,  t he  manu fac tu re r ' s  spec i f i ca t i on  shee ts  on  hea r ing  a id  
e lec t roacous t i c  cha rac te r i s t i cs  may  i nc lude :  
a )  2  cc  coup le r  ga in  
b )  Zw is lock i  coup le r  ga in  
c>  Zw is lock i  coup le r  moun ted  i n  KEMAR ( re fe r red  to  as  " i n  s i t u " . )  
d )  " i n  s i t u "  m inus  the  f ree  f i e l d  to  ea rd rum t rans fe r  f unc t i on  
o r  " i  nse r t  i  on  ga  i  n " .  
The  assumpt ion  t ha t  t he  " i n  s i t u "  ga in  measure  p rov ides  an  
app rox ima t ion  c lose r  t o  rea l  ea r  ga in  s imp ly  because  i t  i s  a  
measuremen t  ob ta ined  w i th  a  Zw is lock i  coup le r  on  a  KEMAR may  resu l t  i n  
an  ove r  es t ima t i on  o f  f unc t i ona l  ga in  by  as  much  as  15 -20  dB .  Hawk ins  
and  Schum (1984)  recommended  t ha t  the  use  o f  t he  " i nse r t i on  ga in "  
measure  w i l l  p rov ide  the  c loses t  app rox ima t ion  o f  f unc t i ona l  ga in ,  bu t  
even  so ,  d i f f e rences  i n  ga in  es t ima tes  w i l l  s t i l l  ex i s t .  
The  c l i n i ca l  re l i ance  on  the  techn ica l  spec i f i ca t i on  shee ts  may  
a l so  be  m is rep resen ta t i ve  o f  t he  hea r ing  a id ' s  cha rac te r i s t i cs  because  
the  da ta  shee ts  p rov ided  by  the  manu fac tu re r  a re  f requen t l y  an  
i nd i ca t i on  o f  t he  e lec t roacous t i c  cha rac te r i s t i cs  o f  t he  pa r t i cu la r  
mode l  o f  t he  hea r ing  a id  and  no t  o f  t ha t  pa r t i cu la r  hea r ing  a id .  
Po l l ack  <1980)  r epo r ted  tha t  i nd i v idua l  hea r ing  a ids  o f  a  spec i f i c  
mode i  may  va ry  as  much  as  10 -15  dB  i n  ga in .  
Rea l  Ea r  Measuremen ts  
Un t i l  r ecen t l y ,  ea r  cana l  measuremen ts  have  been  res t r i c ted  to  
resea rch  p ro jec t s  ra the r  than  hav ing  been  adop ted  f o r  c l i n i ca l  use .  
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Th is  was  pa r t l y  due  t o  the  necess i t y  o - f  ob ta in ing  measuremen ts  i n  an  
anecho ic  chamber  i n  o rde r  t o  i nsu re  the  r e l i ab i l i t y  o- f  t he  responses .  
Seve ra l  r esea rche rs  have  desc r i bed  numerous  a t temp ts  t o  ob ta in  
re l i ab le  measures .  Fo r  examp le ,  S tudebake r  and  Zachman  <1970 ;  used  an  
e labo ra te  - f l oo r  moun t i ng  dev i ce  t o  ho ld  the  m ic rophone  assemb ly  i n  
p lace .  Because  o - f  t he  va r i ab i l i t y  no ted  i n  t he i r  r esu l t s ,  McDona ld  
and  S tudebake r  (1970 )  a l t e red  the  moun t i ng  dev i ce  and  used  a  head  
bo rne  he lme t  wh ich  connec ted  t o  the  p robe  m ic rophone  assemb ly .  They  
a l so  des igned  spec ia l  ea rmo lds  w i th  a  sma l l  a rm wh ich  ex tended  i n to  
the  ea r  cana l  - f o r  t he  p lacemen t  o - f  t he  p robe  tube .  G i lman  and  D i r ks  
(1984)  desc r i bed  a  p robe  ea rmo ld  sys tem i n  wh ich  the  p robe  i s  bu i l t  
i n to  the  ea rmo ld  and  does  no t  ex tend  i n to  the  ea r  cana l  any  - f u r the r  
t han  the  ea rmo ld  i t se l f .  Th i s  sys tem p rov ides  the  examine r  w i th  a  
p rec i se  l oca t i on  o f  t he  p robe  tube  and  made  repea ted  measuremen ts  more  
re  1 i  ab le .  
Changes  i n  SPL  a re  a l so  known  t o  occu r  when  measuremen ts  a re  
ob ta ined  c lose r  t o  the  ea rd rum.  We i rne r  and  Ross  (1946 )  used  a  p robe  
m ic rophone  p laced  a t  t h ree  d i f f e ren t  l oca t i ons  i n  the  ea r  cana l  and  
demons t ra ted  a  17 -22  dB  ga in  i n  SPL  as  the  l oca t i on  o f  the  m ic rophone  
p rog ressed  f rom the  f ree  f i e l d  to  the  ea rd rum a t  3000  Hz .  They  
conc luded  tha t  t h i s  i nc rease  i n  ga in  was  due  t o  the  resonance  o f  t he  
aud i to ry  cana l  and  the  comb ined  e f f ec t s  o f  d i f f r ac t i on  by  the  head  and  
p  i  nna .  
Recen t l y ,  Pedersen ,  Lau r idsen ,  and  N ie l sen  (1982)  used  a  
spec ia l l y  dev i sed  p robe  tube  m ic rophone  sys tem and  ob ta ined  ea r  cana l  
measuremen ts  on  KEMAR a t  t h ree  d i f f e ren t  p robe  tube  t i p  l oca t i ons .  
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Accord ing  t o  these  resea rche rs ,  when  sound  was  measured  i n  an  open  ea r  
cana l ,  t he re  were  no  changes  i n  SPL  - fo r  - f r equenc ies  be low  4000  Hz  
un t i l  t he  p robe  t i p  was  removed  t o  app rox ima te l y  15  mm - f rom the  
ea rd rum.  Fo r  t he  c losed  ea r  cana l  cond i t i on ,  they  obse rved  a  
reduc t i on  i n  SPL  when  the  p robe  t i p  was  removed  t o  rough ly  10  mm - f rom 
the  ea rd rum.  
Hawk ins  and  Mue l l e r  <1986)  compared  measuremen ts  o - f  t h ree  
d i f f e ren t  p robe  tube  l oca t i ons ,  <1 ,  5 ,  and  10  mm pas t  t he  end  o f  t he  
ea rmo ld  s im lu la to r ) .  They  no ted  tha t  t he  accu racy  o f  t he  ou tpu t  
d im in i shed  subs tan t i a l l y  above  2500  Hz  when  the  p robe  was  i nse r ted  
on l y  1  mm beyond  the  t i p  o f  t he  ea rmo ld  s imu la to r .  Based  upon  t he i r  
r esu l t s ,  t hey  recommended  t ha t  the  p lacemen t  l oca t i on  be  one -ha l f  t he  
d i s tance  f rom the  t i p  o f  t he  ea rmo ld  t o  the  ea rd rum.  They  a l so  
recommended  t ha t  ca re  shou ld  be  taken  t o  ma in ta in  a  cons tan t  p lacemen t  
l oca t i on  fo r  una ided  and  a ided  measuremen ts .  Cu r ren t l y ,  o the r  da ta  
rega rd ing  the  e f f ec t s  o f  p robe  tube  i nse r t i on  dep th  on  rea l  ea rs  w i th  
the  CCI -10  has  no t  been  ava i l ab le .  The  manu fac tu re r  has  recommended  
t ha t  t he  p robe  tube  ex tend  to  2  mm beyond  the  ea rmo ld  t i p ,  however  t he  
adequacy  o f  t h i s  p lacemen t  ve rsus  a  p lacemen t  c l ose r  t o  the  ea rd rum 
has  no t  been  tho rough ly  i nves t i ga ted .  P rev ious  i nves t i ga to rs  have  
desc r i bed  o the r  conce rns  such  as  the  immob i l i za t i on  o f  t he  p robe  
assemb ly ,  t he  p rec i se  sea t i ng  and  l oca t i on  o f  t he  sub jec t ,  and  the  
acous t i cs  o f  t he  t es t  room env i ronmen t .  These  i ssues  have  no t  ye t  been  
adequa te l y  add ressed  t o  i nsu re  c l i n i ca l  r e l i ab i l i t y  o f  t he  CCI -10 .  
Pedersen  e t  a l  . ,  <1982)  have  a l so  compared  measuremen ts  ob ta ined  
w i th  a  m in ia tu re  m ic rophone  such  as  t ha t  used  by  Har fo rd  <1980)  t o  
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t hose  ob ta ined  w i th  a  p robe  tube  m ic rophone  on  KEMAR.  The  resu l t s  f rom 
bo th  the  p robe  tube  and  p robe  m ic rophone  measuremen ts  • • • e re  de te rm ined  
t o  co r respond  c lose l y  w i th  the  resu l t s  ob ta ined  - f rom the  KEMAR 
m ic rophone  measuremen ts .  Th i s  imp l i ed  tha t  e i t he r  p robe  measuremen t  
me thod  y ie lded  resu l t s  wh ich  were  s im i l a r  t o  those  expec ted  f rom 
KEMAR measuremen ts .  These  au tho rs  i nd i ca ted  tha t  t hey  p re fe r red  the  
p robe  tube  m ic rophone  as  they  though t  i t  was  eas ie r  t o  i nse r t  and  i t  
o f fe red  l ess  r i sk  o f  i n j u ry  to  the  pa t i en t .  A l so ,  t hey  c la imed  tha t  
an  accu ra te  p lacemen t  was  l ess  impor tan t  w i th  the  p robe  tube  
m ic rophone  than  w i th  the  m in ia tu re  m ic rophone ,  wh ich  was  p laced  
acco rd ing  t o  p rocedures  as  desc r i bed  by  Har fo rd .  An  add i t i ona l  
f i nd ing  repo r ted  by  Pedersen  e t .  a l .  (1982 )  was  t ha t  the  ea r  cana l  
measu remen ts  demons t ra ted  a  reduc t i on  i n  hea r ing  a id  i nse r t i on  ga in  
above  2000  Hz  r a the r  than  an  i nc rease  i n  the  i nse r t i on  ga in  as  had  
been  p rev ious l y  repo r ted .  
Lau r idsen  and  Ne i l sen  <1981)  ob ta ined  i nse r t i on  ga in  measuremen ts  
on  s i x  sub jec ts  w i th  a  p robe  tube  m ic rophone  s im i l a r  t o  tha t  desc r i bed  
by  Pedersen  e t  a l . ,  <1982) .  Th ree  d i f f e ren t  hea r ing  a ids  w i th  the  
same ea rmo ld  were  measured .  The i r  r esu l t s  showed  t ha t  d i f f e ren t  
hea r ing  a ids  on  the  same i nd i v idua l  w i th  the  same ea rmo ld  d id  no t  
p roduce  a  va r i e t y  o f  i nse r t i on  ga in  cu rves  as  was  expec ted .  Ra the r ,  
t he i r  r esu l t s  i nd i ca ted  tha t  t he  upper  l im i t i ng  f requency  < the  h ighes t  
f requency  t o  demons t ra te  an  i nc reased  i nse r t i on  ga in )  was  essen t i a l l y  
i ndependen t  o f  t he  hea r ing  a ids  tes ted .  The  c l i n i ca l  and  resea rch  
ram i f i ca t i ons  o f  these  f i nd ings  on  the  con t i nued  sea rch  t o  improve  and  
ex tend  h igh  f requency  amp l i f i ca t i on  i s  s ign i f i can t .  These  resu l t s  
i nd i ca te  tha t  t he  amoun t  o - f  h i gh  - f requency  ga in  t ha t  i s  de l i ve red  by  a  
hea r ing  a id  may  no t  be  s i gn i f i can t l y  d i f f e ren t  ac ross  d i f f e ren t  
hea r ing  a ids ,  Lau r idsen  e t  a l . ,  (1981)  sugges ted  t ha t  t he  l ack  o f  
d i f f e rences  i n  i nse r t i on  ga in  ques t i on  the  va l i d i t y  o f  a  compara t i ve  
app roach  t o  hea r ing  a id  f i t t i ng .  A  second  f i nd ing  o f  t h i s  s tudy  was  
t ha t  even  though  the  i nse r t i on  ga in  cou ld  be  a l t e red  w i th  ea rmo ld  
mod i f i ca t i ons ,  the  e f f ec t s  o f  t hese  mod i f i ca t i ons  were  no t  as  g rea t  as  
des i red .  S t i l l ,  i t  shou ld  be  no ted  tha t  w ideband  hea r ing  a ids  were  
used  i n  t h i s  s tudy ,  and  t he re fo re ,  conc lus ions  can  no t  be  d rawn  
rega rd ing  o the r  t ypes  o f  hea r ing  a ids  such  as  h igh  pass  hea r ing  a ids .  
R ingdah l ,  Le i j on ,  L iden ,  and  B racke l i n  (1984 )  ob ta ined  ea r  cana l  
measuremen ts  on  t h ree  d i f f e ren t  h igh  pass  hea r ing  a ids  on  f ou r teen  
d i f f e ren t  sub jec ts .  They  no ted  on l y  occas iona l  l a rge  d i f f e rences  i n  
the  f requency  response  o f  t he  hea r ing  a ids .  However ,  t hey  sugges ted  
t ha t  t he  impac t  o f  t he  sma l l  d i f f e rences  i n  hea r ing  a id  pe r fo rmance  
obse rved  i n  t he i r  s tudy  needed  t o  be  f u r the r  i nves t i ga ted .  
Manu fac tu re rs  o f  t he  CCI -10  have  c la imed  tha t  t h i s  i ns t rumen t  has  the  
capac i t y  t o  measure  r e la t i ve l y  sma l l  d i f f e rences  i n  hea r ing  a id  ou tpu t  
a l t hough  t h i s  has  no t  been  adequa te l y  demons t ra ted  i n  the  l i t e ra tu re .  
Ras t ron i cs  CCI -10  
Acco rd ing  t o  Pedersen  e t  a l .  ,  (1982)  t he  requ i remen ts  f o r  a  
hea r ing  a id  measuremen t  i ns t rumen t  t ha t  wou ld  be  su i t ab le  f o r  rou t i ne  
c l i n i ca l  use  wou ld  i nc lude :  
1 )  Easy  p lacemen t  i n  the  ea r  cana l .  
2 )  No  no tab le  r i sk  o f  damage  t o  the  t ympan ic  membrane  ( i . e .  
i nse r t i on  by  nonmed ica l  pe rsonne l  shou ld  be  poss ib le  f o l l ow ing  
15 
an  o to log i c  examina t i on ) .  
3 )  The  reco rd ing  o- f  t he  resu l t s  mus t  be  poss ib le  du r i ng  the  
hea r ing  a id  eva lua t i on  appo in tmen t .  
4 )  Measuremen ts  mus t  be  ob ta ined  i n  a  reasonab le  t ime  pe r iod .  
These  c r i t e r i a  - fo rmed  the  bas i c  g roundwork  - fo r  t he  deve lopmen t  o - f  
t he  Ras t ron i cs  CCI -10  .  The  manu fac tu re rs  o f  t he  CCI -10  have  sugges ted  
tha t  t he  CCI -10  cou ld  p rov ide  c l i n i ca l l y  use fu l  i n fo rma t ion  du r ing  the  
hea r ing  a id  se lec t i on  and  f i t t i ng  p rocedures .  The re  i s ,  however ,  
l im i ted  resea rch  ava l i b le  compar ing  the  e f fec t i veness  o f  t h i s  
p rocedure  t o  o the r  p rocedures .  
Mason  and  Pope lka  (1985 )  compared  measuremen ts  o f  i nse r t i on  ga in  
ob ta ined  on  the  CCI -10  t o  func t i ona l  ga in  measuremen ts  on  12  sub jec ts  
w i th  hea r ing  a ids .  S tandard  dev ia t i ons  o f  l ess  than  5  dB  were  
obse rved  be tween  p robe  tube  and  f unc t i ona l  ga in  measures  ac ross  a l l  
f requenc ies  measured  be tween  250  and  4000  Hz ,  w i th  the  excep t i on  o f  
1500  Hz .  These  au tho rs  conc luded  tha t  t he i r  r esu l t s  were  essen t i a l l y  
equ i va len t  w i th  e i t he r  me thod .  I n  add i t i on ,  bo th  me thods  exh ib i t ed  an  
advan tage  ove r  2  cc  coup le r  ga in  measuremen ts  i n  tha t  t hey  accoun ted  
f o r  the  i nd i v idua l ' s  ea r  geomet ry  and  acous t i c  d i f f e rences  as  we l l  as  
f o r  the  d i f f e rences  due  t o  the  hea r ing  a id  coup l i ng  sys tem.  
Fu r the rmore ,  t he  p robe  tube  measuremen t  sys tem d id  no t  r e l y  on  
t h resho ld  measuremen ts ,  wh ich  a re  known  t o  va ry  bo th  w i th in  and  ac ross  
sub jec ts ,  t he reby  mak ing  them a  more  r e l i ab le  method  o f  measur ing  the  
ga in  o f  a  hea r ing  a id .  Ano the r  advan tage  o f  t he  p robe  tube  sys tem was  
the  amoun t  o f  t ime  saved  compared  t o  the  amoun t  o f  t ime  requ i red  to  
ob ta in  f unc t i ona l  ga in  measures .  The  au tho rs  adv i sed  tha t  a t  l eas t  
one  o f  t he  two  me thods  shou ld  be  used  when  - f i t t i ng  a  hea r ing  a id .  
Desp i te  the  advan tages  o - f  a  p robe  tube  sys tem,  these  au tho rs  s ta ted  
tha t ,  - f rom a  p rac t i ca l  s tandpo in t ,  - f unc t i ona l  ga in  measures  shou ld  now 
be  ob ta ined  rou t i ne l y .  Cu r ren t l y ,  mos t  c l i n i cs  appear  t o  have  the  
• f ac i l i t i es  to  conduc t  t hese  measures  and  a re  cu r ren t l y  app l y ing  them 
i n  t he i r  hea r ing  a id  eva lua t i ons .  
Jab l i n  <1984)  compared  the  measuremen ts  ob ta ined  on  a  2  cc  
coup le r ,  t he  es t ima ted  i nse r t i on  ga in  based  on  KEMAR co r rec t i on  
• fac to rs ,  and  the  i nse r t i on  ga in  as  measured  by  the  CCI -10  f o r  a  
beh ind - the -ea r ,  i n - the -ea r  and  cana l  s t y l e  hea r ing  a id .  Ea r  cana l  
measuremen ts  were  ob ta ined  on  on l y  one  sub jec t .  She  no ted  tha t  t he re  
was  d i spa r i t y  be tween  the  th ree  measuremen ts  f o r  each  s t y le  o f  hea r ing  
a id .  Acco rd ing  t o  Jab l i n ,  i f  the  se lec t i on  o f  amp l i f i ca t i on  had  been  
based  upon  coup le r  o r  es t ima ted  i nse r t i on  ga in  measuremen ts ,  t he  
app rop r ia te  hea r ing  a id  wou ld  no t  have  been  se lec ted .  Sub jec t i ve  
j udgemen ts  made  by  the  sub jec t  and  the  examine r  <us ing  the  mon i to r  
headphones )  desc r i bed  the  s igna l  a t  app rox ima te l y  2000  Hz  f o r  the  
beh ind - the -ea r  hea r ing  a id  and  a t  app rox ima te l y  3000  Hz  f o r  the  i n -
the -ea r  hea r ing  a id  as  be ing  "ha rsh ,  raspy "  and  "muddy" .  Acco rd ing  t o  
Jab l i n ' s  i n te rp re ta t i on ,  the  f requency  response  cu rve  ob ta ined  on  the  
CCI -10  con ta ined  no tab le  peaks  and  va l l eys  a t  those  same f requenc ies .  
However ,  t he  cana l  hea r ing  a id  was  desc r i bed  as  be ing  a  smoo th  b road  
band  response  and  was  sub jec t i ve l y  j udged  as  be ing  "p leasan t " .  She  
d id  no t  p rov ide  any  de ta i l s  wh ich  desc r i bed  how these  j udgemen ts  were  
made .  One  m igh t  conc lude  tha t  t h i s  sub jec t  may  have  been  success fu l  a t  
se lec t i ng  the  mos t  app rop r ia te  hea r ing  a id  rega rd less  o f  t he  
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measuremen t  t echn ique .  S t i l l ,  Jab l i n  po in ted  ou t  t ha t  - fo r  t he  beh ind -
the -ea r  hea r ing  a id  measuremen ts ,  t he  p resence  o - f  t he  ea rmo ld  c rea ted  
a  max imum i nse r t i on  l oss  a t  t he  same - f requenc ies  a t  wh ich  the  
sub jec t ' s  ea r  cana l  resonance  was  g rea tes t .  An  examina t i on  o- f  t he  
t h ree  ea r  cana l  resonance  cu rves  ob ta ined  < - fo r  t he  same sub jec t )  
showed  cons ide rab le  d  i - f - f e rences  i n  the  - f requency  response  cu rves .  I f  
t h i s  resonance  cu rve  i s  to  p rov ide  d iagnos t i c  i n fo rma t ion  (wh ich  i s  a  
c l a im  o f  the  manu fac tu re r )  one  shou ld  expec t  t o  see  l ess  i n t ra -sub jec t  
va r i ab i l i t y .  C lea r l y ,  t he  impor tance  o f  t he  ea r  cana l  resonance  
measure  w i l l  requ i re  f u r the r  i nves t i ga t i on  be fo re  t h i s  techn ique  can  
be  adop ted  c l i n i ca l l y  w i th  su f f i c i en t  con f i dence .  
Du r ing  a  pane l  d i scuss ion ,  P reves  ( "Measur ing  Pe r fo rmance" ,  1985 )  
commented  t ha t  the  use fu lness  o f  t he  ea r  cana l  resonance  measure  
rema ins  unce r ta in .  The  exac t  r e la t i onsh ip  be tween  the  ea r  cana l  
resonance  w i th  the  f i na l  hea r ing  a id  f i t t i ng  i s  unc lea r .  One  reason  
f o r  i t s  l im i ted  app l i ca t i on  i s  tha t  sound  mus t  u l t ima te l y  t rave l  
beyond  the  ea r  cana l  and  th rough  the  m idd le  ea r  sys tem.  La rson  and  
Ta lbo t t  <1983)  have  a l so  i nves t i ga ted  the  e f f ec t  o f  s ta t i c  m idd le  ea r  
p ressu re  d i f f e rences  on  ea r  cana l  SPL  measuremen ts .  Even  when  sma l l  
d i f f e rences  were  no ted  be tween  the  ea r  cana l  p ressu re  and  the  m idd le  
ea r  p ressu re ,  s i gn i f i can t  d i f f e rences  i n  ea r  cana l  SPL  measuremen ts  
were  obse rved .  These  au tho rs  conc luded  tha t  i t  may  be  necessa ry  t o  
mon i to r  ea r  cana l  p ressu re  when  an  ea r  cana l  measuremen t  p rocedure  o f  
hea r ing  a id  ga in  i s  used  because  o f  t he  va r i ab le  e f fec t s  due  t o  m idd le  
ea r  p ressu re  changes  Fu r the rmore ,  t he  f l uc tua t i ng  na tu re  o f  m idd le  
ea r  p ressu re  i n  young  ch i l d ren  may  l im i t  the  u t i l i t y  o f  these  t ypes  o f  
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measuremen ts  i n  t h i s  popu la t i on .  
Ha r fo rd ' s  P robe  M ic rophone  
A  second  t ype  o f  ea r  cana l  measuremen t  dev i ce  t ha t  has  had  
l im i ted  c l i n i ca l  use  i s  the  p robe  tube  m ic rophone  sys tem tha t  has  been  
desc r i bed  by  Har fo rd  (1980 ) .  Th i s  i ns t rumen t  has  been  i nco rpo r ted  
i n to  the  rou t i ne  c l i n i ca l  hea r ing  a id  se lec t i on  p rocedures  a t  t he  
Un ive rs i t y  o f  M inneso ta ' s  aud io logy  c l i n i c .  The  use  o f  t h i s  dev i ce  i n  
bo th  hea r ing  a id  - f i t t i ng  and  fo l l ow-up  po rcedures  was  desc r i bed  by  
Har fo rd  (1984 ) .  He  c i t ed  tha t  a  ma jo r  d rawback  t o  h i s  p rocedure  was  
the  l ack  o f  s tanda rd i zed  i ns t rumen ta t i on  and  p rocedures  f o r  exchange  
o f  i n fo rma t ion .  (Th i s  has  been  a  s im i l a r  d rawback  o f  t he  CCI -1Q as  
c i t ed  by  Mason  and  Pope lka ,  1985 ) .  Desp i te  o the r  d rawbacks ,  i nc lud ing  
the  l im i ta t i on  to  tes t  f requenc ies  under  5000  Hz ,  t he  occas iona l  
f eedback  due  t o  the  p resence  o f  t he  m ic rophone ,  and  the  l im i ted  
resea rch  o r  c l i n i ca l  app l i ca t i on  repo r ted ,  Ha r fo rd  has  found  the  
dev i ce  t o  be  use fu l  i n  a  va r i e t y  o f  ways .  Acco rd ing  t o  Har fo rd  the  
p robe  m ic rophone  dev i ce  has  been  used  t o  de te rm ine  the  f o l l ow ing :  
1 )  The  hea r ing  a id ' s  f requency  response .  
2 )  The  rea l  ea r  SSPL  90 .  
3 )  D i f f e rences  be tween  "use "  and  " f u l l  on "  ga in .  
4 )  The  qua l i t y  o f  t he  f requency  response .  
5 )  The  e f f ec t s  o f  e lec t roacous t i c  and  acous t i c  mod i f i ca t i ons .  
6 )  Compar i sons  o f  one  hea r ing  a id  to  ano the r .  
7 )  B inau ra l  ma tch ing  o f  t he  hea r ing  a ids .  
Recen t l y ,  R ingdah l  and  Le i j on  (1984)  i nves t i ga ted  the  r e l i ab i l i t y  
o f  ea r  cana l  measuremen ts  w i th  an  ea r  cana l  m ic rophone  and  a  p robe  
19 
t ube  m ic rophone .  They  obse rved  l ess  than  a  4  dB  d i f f e rence  be tween  
250  and  4000  Hz  be tween  the  two  cana l  s t y l e  measuremen ts .  However ,  
t hey  d id  obse rve  a  7 -10  dB  d i - f - f e rence  a t  5000  and  6000  Hz  .  These  
au tho rs  then  va r i ed  some o - f  t he  po ten t i a l  sou rces  o f  e r ro r  such  as  
sub jec t ' s  head  pos i t i on ,  p resence  o f  t he  p robe  tube ,  and  changes  i n  
the  l oca t i on  o f  t he  p robe  tube  and  m ic rophone .  They  d id  no t  no te  any  
s i gn i f i can t  e f f ec t  on  the  measuremen ts  du r i ng  changes  i n  the  above  
cond i t i ons .  They  conc luded  tha t  e i t he r  me thod  was  app rop r ia te  f o r  
c l i n i ca l  use ;  however ,  f o r  p rac t i ca l  reasons  they  p re fe r red  the  p robe  
tube  p rocedure .  
Func t i ona l  Ga in  
Ano the r  t ype  o f  rea l  ea r  measure  i s  func t i ona l  ga in .  Func t i ona l  
ga in  re l i es  on  a  behav io ra l  response  f rom the  i nd i v idua l  and  i s  
the re fo re  re fe r red  to  as  a  psychophys i ca l  measu re  ra the r  than  an  
acous t i ca l  measu re .  Func t i ona l  ga in  has  been  desc r i bed  by  P reves  
(1984 )  as  the  amoun t  t ha t  t he  hea r ing  a id  changes  the  pe rson ' s  hea r ing  
th resho ld  l eve l s .  Measuremen ts  o f  f unc t i ona l  ga in  a re  ob ta ined  by  
sound  f i e l d  tes t i ng  us ing  e i t he r  speech  s t imu l i  o r  t ones  f o r  se lec ted  
f requenc ies .  The  sub jec t  i s  tes ted  f i r s t  w i thou t  a  hea r ing  a id  and  
the  resu l t s  a re  reco rded  ( these  a re  the  sub jec t ' s  una ided  resu l t s ) .  
Then  the  sub jec t  i s  tes ted  w i th  the  hea r ing  a id  i n  p lace  ( t h i s  i s  the  
sub jec t ' s  a ided  resu l t s ) .  A  compar i son  be tween  the  una ided  and  a ided  
cond i t i on  i s  then  made  t o  de te rm ine  the  amoun t  o f  f unc t i ona l  ga in  f o r  
t ha t  sub jec t .  
One  o f  t he  f requen t l y  c i t ed  advan tages  o f  f unc t i ona l  ga in  
measures  i s  tha t  i t  i s  based  upon  the  sub jec t ' s  response  and  no t  upon  
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a  mechan ica l  measu remen t .  However ,  a  d i sadvan tage  t o  t h i s  i s  tha t  t he  
measuremen t  r e l i es  upon  a  sub jec t i ve  response  and  i s  dependen t  upon  
the  capab i l i t i es  o f  t he  i nd i v idua l  t o  respond  on  a  cons i s ten t  bas i s .  
Some o f  t he  o the r  po ten t i a l  p rob lems  w i th  func t i ona l  ga in  measures  
i nc lude  poss ib le  s tand ing  waves  i n  the  sound  f i e l d  and  the  amoun t  o f  
t ime  requ i red  to  comp le te  t he  t es t .  The  d i sc repenc ies  be tween  the  
resu l t s  f rom func t i ona l  ga in  measuremen ts  and  f rom 2  cc  coup le r  
measuremen ts  have  been  summar i zed  by  Hawk ins  and  Haske l l  <1982) .  I n  
genera l ,  d i f f e rences  have  been  repo r ted  i n  bo th  the  magn i tude  and  
d i rec t i on  o f  ga in  f o r  f requenc ies  be low  750  Hz .  Be tween  750  Hz  and  
1500  Hz ,  t he  ave raged  measures  i nd i ca ted  tha t  2  cc  coup le r  ga in  
underes t ima ted  func t i ona l  ga in  by  app rox ima te l y  10  dB .  Fo r  t he  
f requenc ies  above  1500  Hz ,  t he  resu l t s  have  shown  t ha t  t he  coup le r  
ga in  ove r -es t ima ted  func t i ona l  ga in  ac ross  a l l  s tud ies ,  bu t  by  va ry ing  
amoun ts .  Hawk ins  and  Haske l l  <1982)  s ta ted  tha t  t h i s  va r i ab i l i t y  
necess i ta tes  tha t  the  c l i n i c i an  ob ta in  f unc t i ona l  ga in  measuremen ts  on  
an  i nd i v idua l  bas i s  ra the r  than  s t r i c t l y  re l y i ng  upon  2  cc  coup le r  
measuremen ts .  
Mason  and  Pope lka  (1985 )  a l so  compared  f unc t i ona l  ga in  t o  2  cc  
coup le r  measuremen ts  and  repo r ted  s ign i f i can t  va r i ab i l i t y  be tween  
measuremen ts  f o r  f requenc ies  be low  750  Hz  and  above  2000  Hz .  These  
au tho rs  s t rong l y  suppor ted  the  need  t o  ob ta in  f unc t i ona l  ga in  
measuremen ts  du r i ng  hea r ing  a id  eva lua t i ons .  
P reves  (1984 )  has  ra ted  the  va r i ous  hea r ing  a id  measuremen t  
me thods  based  upon  the  " l eve l  o f  rea l i sm"  p rov ided  by  the  pa r t i cu la r  
me thod .  Based  upon  h i s  rev iew  o f  t he  l i t e ra tu re  he  has  rank  o rde red  
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t he  techn iques  i n  the  fo l1ow ing  way :  
1 .  The  mos t  r ea l i s t i c  techn ique  (mos t  accu ra te )  was  - f unc t i ona l  
ga in  measures .  
2 .  The  second  mos t  r ea l i s t i c  me thod  was  p robe  tube  measuremen ts .  
3 .  The  t h i rd  mos t  r ea l i s t i c  me thod  was  co r rec t i on  - fac to rs  
app l i ed  t o  coup le r  measuremen ts .  
4 .  The  - f ou r th  mos t  r ea l i s t i c  techn ique  was  measuremen ts  ob ta ined  
on  KEMAR.  
5 .  The  - f i f t h  mos t  r ea l i s t i c  techn ique  was  measuremen ts  ob ta ined  
on  Zw is lock i  coup le rs .  
6 .  The  l eas t  accu ra te  measuremen t  t echn ique  were  those  ob ta ined  
on  the  2  cc  coup le r .  
Ea rmo ld  Ven ts  
Measuremen ts  o f  t he  e f f ec t s  o f  Se lec t -A -Men t  (SAM)  mod i f i ca t i ons  
has  no t  been  p rev ious l y  repo r ted  us ing  the  CCI -10 .  An t i c i pa t i ng  the  
e f f ec t s  o f  SAM s i zes  has  gene ra l l y  been  based  upon  measuremen ts  
ob ta ined  i n  ha rd  wa l l ed  coup le rs .  SAV sys tems  may  be  used  w i th  a  
pa ra l l e l  ven t  con f i gu ra t i on  o r  wi th  a  s ide  b ranch  ven t ,  however ,  t he  
l a t t e r  w i l l  r esu l t  i n  a  h igh  f requency  t ransmiss ion  l oss  (Cox  1979 ) .  
Two  aspec ts  wh ich  con t r i bu te  t o  the  ove ra l l  acous t i c  e f f ec t  o f  t he  SAM 
sys tem a re  the  e f f ec t  o f  t he  ven t  bo re  and  the  e f f ec t  o f  t he  i nse r t .  
Lyba rge r  (1979 )  compared  a  sho r t  ho l l ow  t i p  ea rmo ld  t o  a  channe l  3 .7  
mm l ong  and  3  mm i n  d iamete r  and  conc luded  tha t  t he  l a rge r  d iame te r  
i nse r t s  have  l i t t l e  e f fec t  on  the  acous t i c  response .  Because  the  ven t  
channe l  i s  so  much  l a rge r  than  tha t  o f  t he  SAV i nse r t ,  he  i nd i ca ted  
tha t  i t  ac tua l l y  i s  the  ven t  channe l  con t ro l l i ng  the  response  change  
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and  no t  t he  ven t  p lug .  Cox  (1979 )  repo r ted  the  e f f ec t  o f  t he  i nse r t  
s i ze  on  the  acous t i c  response  measured  on  an  ea r  s imu la to r  us ing  an  
ea rmo ld  w i th  a  ven t  bo re  13  mm i n  l eng th  beyond  the  i nse r t  and  2 .5  mm 
i n  d iame te r .  F i ve  d i s t i nc t ,  f a i r l y  even ly  spaced  cu rves ,  wh ich  
a f fec ted  a  l im i ted  f requency  range  were  ev iden t .  Cox  repo r ted  a  
change  i n  the  ven t  assoc ia ted  peak  resonance  a t  480  Hz  f o r  the  
sma l l es t  d iame te r  i nse r t  t o  650  Hz  f o r  the  l a rges t  d iame te r  i nse r t .  
An  app rox ima te  10  dB  l ow  f requency  t ransmiss ion  l oss  was  no ted  f o r  the  
l a rges t  d iame te r  ven t  compared  t o  the  sma l l es t  d iame te r  ven t  a t  any  
g i ven  f requency .  Lyba rge r  (1978 )  has  p repa red  tab les  wh ich  the  
hea r ing  a id  spec ia l i s t  may  f i nd  he lp fu l  f o r  use  when  an t i c i pa t i ng  
e f fec t s  o f  SAVs .  H i s  f i nd ings  i nd i ca ted  tha t  t he  mos t  open  p lugs  
( . 125" ,  . 094"  and  .062" )  resu l ted  i n  the  exac t  response  as  the  open  
ven t  cond i t i on .  Changes  i n  l ow  f requency  response  were  no ted  f o r  
s i zes  .031"  and  . 020" .  The  amoun t  o f  l ow  f requency  reduc t i on  was  
dependen t  upon  the  l eng th  and  d iame te r  o f  t he  ven t  bo re .  
S ta temen t  o f  t he  P rob lem 
A  rev iew  o f  t he  l i t e ra tu re  i nd i ca ted  tha t  cons ide rab le  
d i sag reemen t  ex i s t s  rega rd ing  the  eva lua t i on  o f  hea r ing  a id  ou tpu t .  A  
va r i e t y  o f  d i f f e rences  have  been  repo r ted  be tween  resu l t s  ob ta ined  on  
va r i ous  t ypes  o f  mechan ica l  coup le rs  ve rsus  those  ob ta ined  i n  the  ea r  
cana l  t h rough  the  use  o f  p robe  tubes  and  p robe  m ic rophones .  
The  pu rpose  o f  t h i s  paper  was  t o  i nves t i ga te  a  new compu te r i zed  
p robe  m ic rophone  dev i ce  wh ich  i s  now ava l i b le  f o r  c l i n i ca l  use .  The  
Ras t ron i cs  CCI -10  has  the  capac i t y  t o  ob ta in  ea r  cana l  measuremen ts  o f  
hea r ing  a id  ou tpu t  i n  app rox ima te l y  two  m inu tes .  C lea r l y ,  t he  
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advan tage  o- f  t he  t ime  saved  us ing  rea l  ea r  measuremen ts  compared  t o  
• func t i ona l  ga in  p rocedures  i s  apparen t .  Add i t i ona l l y ,  these  
measuremen ts  a re  ob ta ined  on  the  i nd i v idua l  use r  ve rsus  i n  a  ha rd  
wa l l ed  coup le r .  However ,  t he  accu racy  and  the  r e l i ab i l i t y  o- f  t he  CCI -
10  have  no t  been  t ho rough ly  i nves t i ga ted .  The  i n ten t  o - f  t h i s  s tudy  
was  t o  examine  some o - f  t hese  i ssues .  Spec i f i ca l l y ,  measuremen ts  were  
ob ta ined  to  con f i rm  the  accu racy  o f  t he  f requency  and  the  SPL  ou tpu t  
i nd i ca ted  on  the  CCI -10 .  The  ac tua l  ea r  cana l  measuremen ts  ob ta ined  
were  i n tended  to  compare  t he  two  d i f f e ren t  p robe  tube  i nse r t i on  
l oca t i ons .  The  f i r s t  cond i t i on  was  w i th  the  p robe  tube  i nse r ted  
th rough  a  spec ia l  ven t  i n  the  ea rmo ld .  The  second  cond i t i on  was  w i th  
the  p robe  tube  i nse r ted  be tween  the  ea rmo ld  and  the  ea r  cana l .  The  
f i na l  ques t i on  i nves t i ga ted  was  whe the r  sma l l  changes  i n  i nse r t i on  
ga in  wou ld  be  reco rded  by  the  CCI -10  as  the  d i f f e ren t  s i zes  o f  SAV 
i nse r t  p lugs  were  measured .  
CHAPTER I I I :  METHODS 
Sub jec ts  and  Examine rs  
Two  fema le  sub jec ts ,  bo th  emp loyed  i n  the  Aud io logy  D iv i s i on  a t  
t he  Sea t t l e  Ve te rans  Hosp i ta l  pa r t i c i pa ted  i n  t h i s  s tudy .  Aud io log i c  
c r i t e r i a  requ i red  fo r  pa r t i c i pa t i on  were  no rma l  pu re  tone  th resho lds  (  
20  dB  HL  o r  l ess  a t  250 ,  500 ,  1 ,000 ,  2 ,000  and  4 ,000  Hz ) ,  and  acous t i c  
immi t tance  resu l t s  w i th in  no rma l  l im i t s  (no rma l  mob i l i t y  b i l a te ra l l y  
w i th  po in t  o f  max imum comp l i ance  be tween  -200mm to  +50mm H20) .  
O toscop ic  i nspec t i on  was  conduc ted  t o  i nsu re  adequa te  ea r  cana ls  f o r  
p robe  tube  i nse r t i on .  
The  two  sub jec ts  a l so  se rved  as  examine rs .  They  were  bo th  
f am i l i a r  w i th  the  pu rposes  and  p rocedures  o f  t h i s  s tudy  and  each  had  
amp le  p rac t i ce  w i th  the  CCI -10  and  p robe  tube  i nse r t i on .  
Ins t rumen  ta t  i  on  
Tes t i ng  was  comp le ted  i n  a  s tanda rd  I ndus t r i a l  Acous t i cs  Company  
t es t  boo th  ( l eng th  10 ' ,  w id th  8 ' 4 " ,  he igh t  6 ' 6 " ) .  The  Ras t ron i cs  
speake r  was  suspended  so  t ha t  i t  was  l eve l  w i th  the  sub jec t ' s  ea r  a t  a  
0  az imu th ,  and  was  app rox ima te l y  2 '  f r om the  s ide  wa l l s .  A l l  o the r  
i ns t rumen ta t i on  was  l oca ted  app rox ima te l y  2 '  f rom the  speake r .  The  
manu fac tu re rs  o f  t he  CCI -10  have  no t  made  spec i f i c  recommenda t ions  
rega rd ing  pos i t i on ing  o f  equ ipmen t ,  bu t  i nd i ca ted  tha t  t es t i ng  cou ld  
take  p lace  i n  any  qu ie t  room.  See  Append ix  B  f o r  the  t es t i ng  
p rocedures .  The  ca l i b ra t i on  cu rves  tha t  were  gene ra ted  th roughou t  t he  
t es t  p rocedure  have  a l so  been  i nc luded  i n  Append ix  B .  
The  Ras t ron i cs  CCI -10  cons i s t s  o f  a  se l f - ca l i b ra t i ng  p robe  
m ic rophone  wh ich  i s  compr i sed  o f  bo th  an  e lec t re t  re fe rence  m ic rophone  
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and  the  ac tua l  p robe  m ic rophone ,  w i th  a  1  mm so f t  s i l i cone  rubber  
p robe  tube  wh ich  i s  i nse r ted  i n to  the  ea r  cana l .  A  h igh  pe r fo rmance  
compresso r  gene ra tes  the  sound  f i e l d  s igna l .  Response  cu rves  a re  
d i sp layed  on  the  v ideo  mon i to r  and  ha rd  cop ies  may  be  ob ta ined  on  an  
Epson  FX-80  do t -ma t r i x  p r i n te r .  
EQU i  pmen t  
Each  sub jec t  wore  a  cus tom made  ea rmo ld  (Wes tone  S tandard  #2 )  
w i th  Se lec t -A -Ven t  (SAV)  op t i ons .  A  sma l l e r  ven t  was  made  t o  
p rec i se l y  accommoda te  t he  p robe  tube .  No  a t temp t  was  made  t o  con t ro l  
f o r  the  l eng th  o f  t he  cana l  o f  t he  ea rmo ld .  A  m i l d  ga in ,  b road  band  
Te lex  337E beh ind - the -ea r  hea r ing  a id  coup led  t o  the  ea rmo ld  was  used  
f o r  a l l  measuremen ts .  
Ma te r i a l s  and  P rocedures  
I n  o rde r  t o  check  the  r e l i ab i l i t y  o f  t he  f requency  i nd i ca ted  on  
the  v ideo  mon i to r ,  a  f r equency  coun te r  (Hew le t t  Packa rd  5512  A  
E lec t ron i c  Coun te r )  was  a t tached  to  the  Ras t ron i cs  un i t  and  a  pu re  
tone  ra the r  than  a  "warb led "  tone  was  gene ra ted .  Compara t i ve  
measuremen ts  were  made  a t  s i x  d i f f e ren t  f requenc ies  be tween  tha t  
i nd i ca ted  on  the  f requency  coun te r -  and  t ha t  on  t he  CCI -10  v ideo  
mon  i  t o r .  
An  assessmen t  o f  t he  accu racy  o f  t he  80  dB  SPL  s i gna l  gene ra ted  
by  the  CCI -10  was  accomp l i shed  by  ob ta in ing  SPL  measuremen ts  on  a  
B rue l  and  K jae r  sound  l eve l  me te r  (Type  1  Mode l  2218 )  w i th  a  1 /2 "  
m ic rophone  s i t ua ted  on  a  t r i pod  app rox ima te l y  1  me te r  f r om the  
speake r .  The  p robe  m ic rophone  assemb ly  f o r  the  CCI -10  was  1  t o  1  1 /2 "  
d i rec t l y  be low  the  sound  l eve l  me te r  m ic rophone .  The  p robe  tube  
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assemb ly  was  he ld  i n  the  manner  recommended  by  the  manu fac tu re r ,  i . e . ,  
ho ld ing  the  p robe  t i p  app rox ima te l y  1 /4 "  f rom the  m ic rophone  assemb ly .  
Th ree  sepa ra te  t r i a l s  were  run  and  SPL  measuremen ts  were  reco rded  a t  
s i x  d i f f e ren t  f requenc ies .  A  compar i son  was  made  be tween  the  SPL  
measured  on  the  sound  l eve l  me te r  and  the  CCI -10  f o r  each  o f  t he  th ree  
t r i a l s .  
Seve ra l  d i f f e ren t  p robe  tubes  were  p rov ided  w i th  t h i s  i ns t rumen t .  
I n  o rde r  t o  de te rm ine  i f  the  p robe  tubes  cou ld  be  used  i n te rchangeab ly  
a  f requency  response  cu rve  was  ob ta ined  w i th  a  c lea r  tube  and  then  an  
opaque  t ube .  These  two  f requency  response  cu rves  were  then  compared  
t o  each  o the r .  
A l l  o f  t he  ac tua l  ea r  cana l  measuremen ts  were  ob ta ined  by  the  
p rocedures  recommended  by  the  manu fac tu re r .  The  second  ques t i on  o f  
t h i s  s tudy  a l so  i nves t i ga ted  whe the r  t he  p robe  tube  p lacemen t  l oca t i on  
wou ld  e f f ec t  ou tpu t  measuremen ts .  The  two  p lacemen t  l oca t i ons  were  
i  nves t  i  ga ted :  
1 )  w i th  the  p robe  tube  i nse r ted  th rough  a  spec ia l  ven t  i n  the  
ea rmo ld ,  r e fe r red  to  as  Cond i t i on  A .  
2 )  w i th  the  p robe  tube  i nse r ted  be tween  the  ea r  cana l  and  ea r  
cana l .  Th i s  i s  re fe r red  to  as  Cond i t i on  B .  
F requency  response  cu rves  were  ob ta ined  fo r  bo th  o f  t hese  cond i t i ons  
on  bo th  sub jec ts .  
The  f i na l  ques t i on  was  whe the r  t he  CCI -10  cou ld  measure  sma l l  
acous t i c  changes  t ha t  occu r  when  d i f f e ren t  SAM p lug  s i zes  were  
i nse r ted .  A  f requency  response  cu rve  was  ob ta ined  w i th  each  o f  t he  
d i f f e ren t  SAM s i zes ,  i nc lud ing  f u l l y  occ luded  and  f u l l y  unocc luded .  
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SAM p lugs  were  sys temat i ca l l y  va r i ed  - fo r  bo th  sub jec ts  - fo r  bo th  o- f  
t he  two  p robe  tube  p lacemen ts .  The  SAM i nse r t s  measured  were :  . 125" ,  
. 094" ,  . 062"  . 031"  and  . 020" .  
RESULTS 
The  - f i r s t  ques t i on  rega rd ing  the  r e l i ab i l i t y  o- f  t he  Ras t ron i cs  
CCI -10  was  t o  measure  the  accu racy  o- f  t he  - f requency  reco rded  on  the  
v ideo  mon i to r .  Tab le  1  shows  the  compar i sons  made  a t  s i x  d i f f e ren t  
f requenc ies  be tween  the  CCI -10  and  an  i ndependen t  f r equency  ana lyze r .  
Measuremen ts  ob ta ined  be tween  250  and  2 ,000  Hz  showed  f a i r l y  good  
ag reemen t  be tween  the  CCI -10  and  the  f requency  ana lyze r .  However ,  a  
d i f f e rence  o f  7  Hz  a t  3084  Hz  and  13  Hz  a t  4 ,000  Hz  was  no ted  be tween  
measuremen ts .  Th i s  i nd i ca ted  tha t  t he  CCI -10  accu ra te l y  genera ted  l ow  
to  m id  f requenc ies  bu t  t ha t  i t  may  no t  be  as  accu ra te  a t  the  h ighe r  
f requenc ies .  The  s i gn i f i cance  o f  these  d i f f e rences  was  no t  
de te rm i  ned .  
Tab le  1 .  A  compar i son  o f  f requency  
be tween  the  Ras t ron i cs  CCI -10  and  
an  i ndependen t  f r equency  ana lyze r .  
CCI -10  F requency  Ana lyze r  
250  250  
500  500  
1 0 0 0  1 0 0 1  
2000  2003  
3084  3091  
4000  4013  
Measuremen ts  o f  SPL  were  made  on  a  sound  l eve l  me te r  and  were  
compared  t o  the  s igna l  gene ra ted  and  reco rded  by  the  CCI -10 .  The  
resu l t s  o f  t he  measuremen ts  f o r  th ree  sepa ra te  t r i a l s  ob ta ined  on  the  
CCI -10  a re  d i sp layed  i n  F igu re  1 .  The  resu l t s  ob ta ined  on  the  sound  
l eve l  me te r  f o r  the  th ree  t r i a l s  a re  shown  on  F igu re  2 .  These  resu l t s  
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<+  1  dB)  t h roughou t  t he  - f requency  range ,  w i th  on l y  one  excep t i on  a t  
3084  Hz ,  where  a  2  dB  d i - f - f e rence  was  reco rded .  These  resu l t s  a l so  
sugges ted  t ha t  the  CCI -10  was  a  ve ry  re l i ab le  ins t rumen t  - fo r  t he  
• f requenc ies  measured  and  t ha t  t he  ou tpu t  was  w i th in  the  manu fac tu re r ' s  
spec  i  - f  i  ca t  i  ons .  
The  SPL  measured  by  the  sound  l eve l  me te r  showed  g rea te r  
va r i ab i l i t y  - fo r  t he  th ree  t r i a l s  and  t yp i ca l l y  measured  l ess  SPL  t han  
tha t  reco rded  on  the  CCI -10 .  The re fo re ,  a l t hough  the  CCI -10  reco rded  
a  cons i s ten t  SPL ,  t he  sound  l eve l  me te r  read ings  were  more  va r i ab le  
than  those  ob ta ined  by  the  CCI -10 .  F igu re  3  shows  the  d i f f e rences  i n  
measuremen ts  be tween  the  CCI -10  and  the  sound  l eve l  me te r .  
D i f f e rences  o f  4  dB  a t  250  and  2000  Hz  and  5  dB  a t  3084  Hz  were  
obse rved  on  sepa ra te  t r i a l s .  I n  f ac t ,  1000  Hz  was  the  on l y  f requency  
where  bo th  i ns t rumen ts  measured  an  80  dB  <+ .  1  dB)  s i gna l  f o r  a l l  t h ree  
o f  t he  t r i a l s .  
I n  o rde r  t o  de te rm ine  sma l l  acous t i c  changes  i n  hea r ing  a id  
ou tpu t ,  i t  i s  impor tan t  t o  know the  exac t  SPL  be ing  genera ted  by  the  
i ns t rumen t .  The  resu l t s  o f  t h i s  p re l im ina ry  measuremen t  sugges ted  
t ha t  t he  CCI -10  d id  no t  accu ra te l y  and  cons i s ten t l y  p roduce  an  80  dB  
< i  1  dB)  s i gna l  a t  any  f requency  excep t  1000  Hz  when  measured  on  the  
sound  l eve l  me te r .  
I n  summary  t he  resu l t s  based  upon  reco rd ings  by  the  CCI -10  a lone  
sugges ted  t ha t  the  CCI -10  i s  a  h igh l y  re l i ab le  i ns t rumen t .  However ,  
when  compared  t o  i ndependen t  sound  l eve l  measuremen ts ,  seve ra l  
i ncons i s tenc ies  were  obse rved  wh ich  were  no t  re f l ec ted  on  the  CCI -10 .  
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1 between the CCI-10 and the sound level meter. Negative data points indicate 
:he sound level meter readings were less than the CCI-10. 
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measuremen ts  on  the  sub jec ts  was  no t  known .  
When  two  d i f f e ren t  p robe  tubes  were  compared  t o  de te rm ine  the  
i n te rchangeab i  1  i  t y  o- f  p robe  tubes ,  t he  - f requency  response  cu rves  were  
s im i l a r  th rough  500  Hz .  Fo r  t he  f requenc ies  above  500  Hz ,  t he  
d i f f e rences  ranged  f rom 2  dB  t o  6  dB ,  w i th  the  g rea tes t  d i f f e rence  
occu r ing  a t  2000  Hz .  F igu re  4  shows  the  f requency  response  cu rves  
ob ta ined  on  two  d i f f e ren t  p robe  tubes .  The  resu l t s  demons t ra ted  t ha t  
t he  d i f f e ren t  p robe  tubes  may  have  some e f f ec t  on  measuremen ts  a t  some 
spec i f i c  f requenc ies .  
The  resu l t s  d i sp layed  on  F igu re  5  were  ob ta ined  on  sub jec t  1  w i th  
the  p robe  tube  i nse r ted  th rough  the  spec ia l  ven t  i n  the  ea rmo ld .  The  
i nse r t i on  ga in  f o r  each  o f  t he  va r i ous  se lec t -a -ven t  (SAV)  i nse r t  p lug  
s i zes ,  i nc lud ing  a  comp le te l y  open  and  a  comp le te l y  occ luded  ea rmo ld  
have  been  p lo t t ed .  The  resu l t s  f o r  t h i s  sub jec t  showed  t ha t  t he  
i nse r t i on  ga in  a t  250 ,  500 ,  and  749  Hz  g radua l l y  i nc reased  as  the  SAM 
s i ze  was  reduced .  However ,  when  the  occ luded  cond i t i on  was  measured ,  
a  reduc t i on  i n  the  i nse r t i on  ga in  i n  these  same f requenc ies  was  no ted .  
Th i s  ou tcome con t rad i c ted  the  o r i g ina l  hypo thes i s  t ha t  t he  i nse r t i on  
ga in  wou ld  g radua l l y  i nc rease  as  the  SAM s i ze  dec reased .  O f  t he  e igh t  
f requenc ies  measured ,  5  showed  a  reduc t i on  i n  i nse r t i on  ga in  f o r  the  
occ luded  ea rmo ld  cond i t i on  compared  t o  the  open  ven t  cond i t i on .  
The  resu l t s  f o r  sub jec t  i  wi th  the  p robe  tube  i nse r ted  be tween  
the  ea rmo ld  and  ea r  cana l  a re  shown  i n  F igu re  6 .  These  resu l t s  showed  
cons ide rab l y  l ess  va r i ab i l i t y  be tween  measuremen ts  and  demons t ra ted  a  
sma l l  i nc rease  i n  the  i nse r t i on  ga in  f o r  250  and  500  Hz  as  the  
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Figure 4. Frequency response curves obtained using 2 different probe tubes. This measurement was made 
outside of the ear canal after the 80 dB signal was generated. 
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excep t i on  was  no ted  a t  2997  Hz ,  where  a  6 dB reduc t i on  i n  i nse r t i on  
ga in  fo r  t he  occ luded  ea rmo ld  was  measured .  A l l  o f  t he  o the r  m id  to  
h igh  - f requenc ies  rema ined  essen t i a l l y  unchanged  rega rd less  o- f  t he  SAM 
s i ze .  These  resu l t s  were  more  cons i s ten t  w i th  the  hypo thes i s  t ha t  a  
g radua l  i nc rease  i n  i nse r t i on  ga in  - fo r  t he  l ower  - f requenc ies  wou ld  be  
measured  as  the  ven t  became more  occ luded .  
A  compar i son  be tween  measuremen ts  ob ta ined  w i th  the  p robe  tube  
th rough  the  spec ia l  ven t  and  the  p robe  tube  be tween  the  ea rmo ld  and  
ea r  cana l  - f o r  sub jec t  1  i s  shown  i n  F igu re  7 .  Typ i ca l l y ,  more  
i nse r t i on  ga in  (up  t o  7  dB)  was  measured  th roughou t  t he  l ower  
- f requency  reg ion  - fo r  a l l  SAV p lug  s i zes  excep t  t he  occ luded  ea rmo ld  
cond i t i on  when  the  p robe  tube  was  i nse r ted  th rough  the  spec ia l  ven t .  
However ,  i n  the  m id  t o  h igh  - f requency  range ,  g rea te r  ga in  was  mos t  
• f r equen t l y  reco rded  when  the  p robe  was  p laced  be tween  the  ea rmo ld  and  
ea r  cana l ,  s t i l l ,  these  d  i  - f - f e rences  were  no  g rea te r  t han  3  dB .  
I n  summary ,  i t  wou ld  appear  t ha t  the  mos t  cons i s ten t  measuremen ts  
were  ob ta ined  when  the  p robe  tube  was  p laced  be tween  the  ea rmo ld  and  
ea r  cana l .  When  t he  p robe  tube  was  i nse r ted  th rough  the  spec ia l  ven t ,  
t he  va r i ab i l i t y  be tween  measuremen ts  i nc reased .  A l so ,  the  
measuremen ts  ob ta ined  when  the  SAM was  occ luded  were  the  oppos i te  o - f  
t he  expec ted  - f i nd ings .  Fo r  t h i s  sub jec t ,  equ i va len t  r esu l t s  were  no t  
ob ta ined  when  the  two  p robe  tube  p lacemen ts  were  compared .  The  
g rea tes t  d i - f - f e rences  occu r red  i n  the  l ower  f requency  reg ion .  Th i s  
va r i ab i l i t y ,  coup led  w i th  the  va r i ab i l i t y  no ted  when  the  sound  l eve l  
measuremen ts  were  t aken ,  obscu re  the  i n te rp re ta t i on  o f  spec i f i c  
acous t i c  e f f ec t s  caused  f rom changes  i n  SAM i nse r t  p lugs .  
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The  resu l t s  - fo r  sub jec t  2 ,  w i th  the  p robe  tube  i nse r ted  th rough  
the  spec ia l  ven t  a re  shown  i n  F igu re  8 .  Aga in ,  as  - fo r  sub jec t  1 ,  when  
t h i s  p lacemen t  was  measured ,  a  dec rease  i n  i nse r t i on  ga in  was  measured  
• fo r  t he  occ luded  ven t  ve rses  the  open  ven t  t h roughou t  t he  l ow  to  m id  
• f requency  reg ion .  Th i s  sub jec t  showed  g rea te r  va r i ab i l i t y  i n  
measuremen ts ,  pa r  t  i  cu l  a r  i  1  y  i n  the  - f requency  range  be tween  1000  and  
2997  Hz .  Th i s  va r i ab i l i t y  i n  measuremen t  d i d  no t  appear  t o  be  a  
d i rec t  resu l t  o - f  changes  i n  SAV s i zes .  
The  measuremen ts  ob ta ined  on  sub jec t  2  w i th  the  p robe  tube  
i nse r ted  be tween  the  ea rmo ld  and  ea r  cana l  a re  shown  i n  F igu re  9 .  An  
i nc rease  o- f  3 -4  dB  i n  i nse r t i on  ga in  was  no ted  as  the  SAV s i zes  
p rog ressed  - f rom the  open  t o  the  occ luded  ea rmo ld .  A  s im i l a r  t rend  was  
no ted  - fo r  sub jec t  1  when  t h i s  p robe  tube  p lacemen t  was  measured .  The  
resu l t s  - fo r  sub jec t  2  however ,  we re  more  va r i ab le .  I n  add i t i on ,  they  
demons t ra ted  d i f f e rences  i n  the  i nse r t i on  ga in  a t  spec i f i c  f requenc ies  
wh ich  may  no t  be  a  r esu l t  o f  changes  i n  SAV s i zes ,  bu t  ra the r  may  be  
due  t o  va r i ab i l i t y  w i th  the  i ns t rumen t  o r  measuremen t  p rocedures .  
A  compar i son  o f  t he  i nse r t i on  ga in  f o r  sub jec t  2  f o r  the  
measuremen ts  ob ta ined  w i th  the  two  d i f f e ren t  p robe  tube  p lacemen t  
l oca t i ons  i s  shown  i n  F igu re  10 .  D i f f e rences  up  t o  10  dB  were  no ted  
be tween  the  measuremen ts  f o r  mos t  f r equenc ies ,  wh ich  sugges ted  t ha t  
the  two  p robe  tube  l oca t i ons  d id  no t  y i e ld  the  same i nse r t i on  ga in  
resu l t s .  Typ i ca l l y ,  f o r  the  l ower  f requenc ies  a  g rea te r  i nse r t i on  
ga in  was  measured  when  the  p robe  tube  was  i nse r ted  th rough  the  spec ia l  
ven t .  However ,  i n  the  m id  t o  h igh  f requenc ies ,  t he  i nse r t i on  ga in  was  
usua l l y  g rea te r  when  t he  p robe  tube  was  be tween  the  ea rmo ld  and  ea r  
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cana l .  These  resu l t s  were  s im i l a r  t o  those  ob ta ined  on  sub jec t  1 ,  
however ,  sub jec t  2  showed  g rea te r  va r i ab i l i t y  - fo r  a l  !  measuremen ts .  
The  i ncons i s tenc ies  i n  the  measuremen ts  ob ta ined  p roh ib i t ed  de tec t i ng  
sma l l  acous t i c  d  i - f - f e rences  i n  hea r ing  a id  ou tpu t  due  t o  changes  i n  SAV 
s i zes .  The  d i  - f - f e rences  obse rved  - fo r  bo th  sub jec ts  when  the  two  
d i - f - f e ren t  p robe  tube  p lacemen t  l oca t i ons  were  t es ted  demons t ra ted  t ha t  
equ i va len t  r esu l t s  were  no t  ob ta ined  be tween  p rocedures ,  as  has  been  
sugges ted  by  the  manu- fac tu re rs .  
F igu re  11  compared  the  i nse r t i on  ga in  measuremen ts  - f rom bo th  o- f  
t he  p robe  tube  l oca t i ons  - f rom sub jec t  1  t o  the  ga in  va lues  measured  
e1ec t roacous t i ca l1y  by  the  FONIX  55002 .  F igu re  12  shows  the  s im i l a r  
compar i son  - fo r  sub jec t  2 .  
An  examina t i on  o - f  r esu l t s  - fo r  bo th  sub jec ts  showed  t ha t  t he  FONIX  
ga in  measuremen ts  were  t yp i ca l l y  l ess  than  tha t  measured  on  t he  CCI  — 
10 .  0  i - f - f e rences  ranged  - f rom 3 -9  dB  a t  t he  l ower  - f requenc ies .  
However ,  d i - f - f e rences  as  g rea t  as  1?  dB  were  no ted  be tween  the  CCI -10  
measuremen ts  and  the  FONIX  t es t  box  - fo r  t he  h ighe r  - f requenc ies .  
These  two  me thods  o - f  es t ima t i ng  hea r ing  a id  ou tpu t  d id  no t  y i e ld  
equ iva len t  r esu l t s .  The  l a rge  d  i - f - f e rences  obse rved  may  sugges t  t ha t  
t he  i ns t rumen ts  d id  no t  measure  s im i l a r  - f unc t i ons  and  they  d id  no t  
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Subject 2. u i  
Chap te r  U :  D iscuss ion  
The  pu rpose  o f  t h i s  paper  was  t o  i nves t i ga te  the  r e l i ab i l i t y  and  
accu racy  o - f  t he  CCI -10  F requency  Response  Ana lyze r .  Spec i f i ca l l y ,  the  
hypo thes i s  s ta ted  tha t  i f  the  CCI -10  was  a  re l i ab le  i ns t rumen t ,  t hen  
sma l l  acous t i c  changes  caused  by  d i f f e ren t  se lec t -a -ven t  i nse r t  p lugs  
cou ld  be  measured .  I n  add i t i on ,  t h i s  paper  i nves t i ga ted  whe the r  two  
d i f f e ren t  p robe  tube  p lacemen t  l oca t i ons  wou ld  y i e ld  essen t i a l l y  
equ i va len t  r esu l t s .  
The  ab i l i t y  o f  t he  CCI -10  t o  ma in ta in  an  80  dB  (  + .  1  dB)  s i gna l  
t h roughou t  t he  f requency  range  appeared  t o  be  accu ra te  when  the  CCI -10  
resu l t s  were  examined  i n  i so la t i on .  However ,  when  these  resu l t s  were  
compared  t o  i ndependen t  measuremen ts  on  a  sound  l eve l  me te r ,  t he  
resu l t s  appeared  t o  be  l ess  accu ra te  and  cons i s ten t .  Hawk ins  and  
Mue l l e r  <1986)  repo r ted  be t te r  ag reemen t  be tween  i ns t rumen ts  than  
those  obse rved  i n  t h i s  s tudy .  These  d i f f e rences  be tween  the  two  
s tud ies  may  be  due  t o  va r i ab i l i t y  be tween  i ns t rumen ts  and  a l so  
d i f f e rences  i n  the  measuremen t  p rocedures .  
A  compar i son  o f  t he  f requency  response  cu rves  ob ta ined  when  two  
d i f f e ren t  p robe  tubes  were  measured  resu l ted  i n  d i f f e rences  up  t o  5  dB  
a t  some f requenc ies .  The  exac t  reason  f o r  t h i s  d i sc repency  was  no t  
known .  The  d i f f e rence  may  have  been  a t t r i bu ted  to  d i f f e rences  i n  the  
resonance  cha rac te r i s t i cs  o f  t he  p robe  tubes ,  va r i ab i1 i t y  w i th in  the  
equ ipmen t  i t se l f ,  o r  a  comb ina t i on  o f  t hese  two  f ac to rs .  Wh i l e  t he  
exac t  reason  f o r  t h i s  va r i ab i l i t y  was  no t  i den t i f i ed ,  the  c l i n i ca l  
imp l i ca t i ons  war ran t  a  cau t i on  t o  the  hea r ing  a id  examine r .  The  
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i ns t rumen t ' s  use  i n  the  c l i n i ca l  se t t i ng  wou ld  necess i ta te  
i n te rchangeab le  p robe  tubes .  However ,  i  f  the  p robe  tubes  do  no t  
r esu l t  i n  s im i l a r  responses ,  sma l l  acous t i c  changes  may  be  i n te rp re ted  
i  naccu ra te l y .  
The  da ta  - f rom measuremen ts  ob ta ined  w i th  the  p robe  tube  p laced  i n  
two  d i - f - f e ren t  l oca t i ons  ( th rough  a  spec ia l  ven t  i n  the  ea rmo ld  and  
be tween  the  ea rmo ld  and  the  ea r  cana l )  y i e lded  some unexpec ted  
• f i nd ings .  D i - f - f e rences  were  no ted  t o  occu r  ac ross  bo th  sub jec ts  when  
the  two  p robe  tube  l oca t i ons  were  compared .  I n  o the r  words ,  d i - f - f e ren t  
c l i n i ca l  conc lus ions  may  have  been  d rawn  depend ing  upon  the  p robe  tube  
p lacemen t  l oca t i on  u t i l i zed .  The  da ta  d id  no t  demons t ra te  t he  
an t i c i pa ted  resu l t  o - f  g rea te r  i nse r t i on  ga in  i n  the  l ower  - f requenc ies  
as  the  SAV i nse r t  p lugs  were  dec reased  i n  s i ze .  I n  - fac t ,  t he  exac t  
oppos i te  resu l t  was  obse rved  - fo r  some measuremen ts .  F ina l l y ,  
i ncons i s ten t  changes  i n  i nse r t i on  ga in  were  no ted  a t  - f requenc ies  wh ich  
shou ld  no t  be  e f f ec ted  by  SAVs .  These  i ncons i s tenc ies  i n  measuremen ts  
p rec luded  d raw ing  any  conc lus ions  abou t  t he  acous t i c  changes  wh ich  may  
have  resu l ted  f rom the  a l t e ra t i ons  i n  SAV i nse r t  p lugs .  
A  compar i son  be tween  the  CCI -10  and  the  FONIX  hea r ing  a id  tes t  
box  showed  no tab le  d i f f e ren t  resu l t s .  The  g rea tes t  d i sc repenc ies  
be tween  the  measuremen t  i ns t rumen ts  occu r red  i n  the  h ighe r  
f requenc ies ,  where  d i f f e rences  as  g rea t  as  17  dB  were  measured .  
S ince  the  work  o f  Wiene r  and  Ross  (1946 ) ,  many  resea rche rs  have  
sough t  a  means  t o  measure  hea r ing  a id  i nse r t i on  ga in  th rough  the  use  
o f  p robe  tube  measuremen ts .  Recen t  advancemen ts  i n  techno logy  have  
made  such  i ns t rumen ta t i on  ava i l ab le  and  conven ien t  f o r  c l i n i ca l  use .  
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The  CCI -10  i s  cu r ren t l y  used  i n  a  va r i e t y  o- f  c l i n i cs ,  however  t he  
exac t  ex ten t  o - f  i t s  use  has  no t  ye t  been  repo r ted .  The  appea l i ng  
aspec t  o - f  t h i s  i ns t rumen t  i s  tha t  the  c l i n i c i an  can  ob ta in  ea r  cana l  
measu remen ts  i n  a  ve ry  sho r t  pe r i od  o- f  t ime .  Conce ivab l y ,  t hese  
measuremen ts  cou ld  be  ob ta ined  on  a  va r i e t y  o- f  hea r ing  a ids  as  we l l  as  
ac ross  a  va r i e t y  o- f  e l  ec t roacous t  i  ca l  mod i - f  i  ca t  i  ons .  Desp i te  t h i s  
appea l ,  and  some o - f  t he  repo r ted ,  apparen t  advan tages  ove r  o the r  
hea r ing  a id  - f i t t i ng  p rocedures ,  t he  ques t i on  o- f  t he  i ns t rumen t ' s  
r e l i ab i l i t y  and  ab i l i t y  to  de tec t  sma l l  acous t i ca l  changes  mus t  be  
add ressed  - f u r the r .  
The  i n teg ra t i on  o- f  such  a  measuremen t  dev i ce  i n to  the  rou t i ne  
c l i n i ca l  p rocedure  mus t  be  con t i ngen t  upon  the  i ns t rumen t ' s  p roven  
va l i d i t y  and  r e l i ab i l i t y  i n  the  resea rch  env i ronmen t .  The  sound  l eve l  
me te r  has  been  recogn ized  as  a  h igh l y  accu ra te  and  re l i ab le  
measuremen t  i ns t rumen t .  G iven  the  w idesp read  use  and  accep tance  o- f  
t he  sound  l eve l  me te r ,  compara t i ve  measures  be tween  the  two  
i ns t rumen ts  wou ld  be  the  mos t  r e l i ab le  t ype  o- f  measu remen t  t o  ve r i - f y  
ou tpu t .  The  manu- fac tu re rs  o - f  t he  CCI -10  have  i nd i ca ted  tha t  t h rough  
the  use  o - f  a  se l - f  ca l i b ra t i ng  p robe  m ic rophone  sys tem,  a  cons tan t  80  
SPL  dB  s igna l  i s  ma in ta ined  th roughou t  t he  - f requency  range .  Exac t l y  
how t h i s  was  de te rm ined  has  no t  been  repo r ted  i n  the  l i t e ra tu re  a t  
t h i s  t ime .  Un t i l  adequa te  ev idence  ex i s t s  wh ich  suppor t s  t he  
r e l i ab i l i t y  o- f  t he  CCI -10  t o  p roduce  a  cons tan t  80  dB  s i gna l ,  t he  
use - fu lness  o - f  t he  equ ipmen t  i s  seve re l y  l im i ted .  I n  add i t i on ,  i - f  
va r i a t i ons  i n  SPL  a re  i ndeed  occu r r i ng  (as  was  the  case  i n  t h i s  
s tudy ) ,  equ ipmen t  mod  i - f  i  ca t  i  ons  shou ld  be  made  wh ich  wou ld  a l l ow  the  
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CCI -10  t o  de tec t  and  reco rd  these  sma l l  changes .  Compara t i ve  
measuremen ts  o - f  SPL  on  t he  CCI -10  and  on  an  i ndependen t  sound  l eve l  
me te r  shou ld  be  under taken  on  each  dev i ce  used  c l i n i ca l l y  un t i l  i t s  
re l i ab i l i t y  has  been  c l ea r l y  demons t ra ted .  
H i s to r i ca l l y ,  the  p lacemen t  o - f  t he  p robe  tube  - fo r  ea r  cana l  
measu remen ts  has  e i t he r  been  th rough  an  a l ready  ex i s t i ng  ven t  o r  
t h rough  a  spec ia l l y  des igned  ven t  - f o r  t he  p robe  tube .  The re  a re  
seve ra l  l im i ta t i ons  to  such  p lacemen ts .  The  use  o f  an  a l ready  ven ted  
ea rmo ld  p reven ts  i t s  app l i ca t i on  w i th  h igh  ga in  hea r ing  a ids  because  a  
ven t  may  no t  be  used  due  t o  feedback  p rob lems .  Second ly ,  t he  s i ze  o f  
t he  ea r  cana l  mus t  be  adequa te  t o  accommoda te  a  ven t  (Pedersen  1982) .  
The  p lacemen t  o f  t he  p robe  tube  be tween  the  ea rmo ld  and  ea r  cana l  
has  e l im ina ted  the  necess i t y  o f  a  ven t  and  a l so  makes  measuremen ts  o f  
i n  the  ea r  hea r ing  a ids  poss ib le .  I n  add i t i on ,  t h i s  p rocedure  a l l ows  
hea r ing  a id  measuremen t  and  f i t t i ng  to  be  ob ta ined  us ing  the  same 
ea rmo ld  c l i n i ca l l y  wh ich  may  be  worn  on  a  da i l y  bas i s  by  the  hea r ing  
a id  use r .  Compara t i ve  measuremen ts  wh ich  have  focused  on  t he  
d i f f e rences  be tween  p robe  tube  p lacemen t  l oca t i on  have  no t  been  
adequa te l y  i nves t i ga ted .  The  manu fac tu re rs  o f  t he  CCI -10  have  
recommended  t ha t  t he  p robe  tube  shou ld  be  i nse r ted  be tween  the  ea r  
cana l  and  the  ea rmo ld ,  bu t  t hey  have  no t  p rov ided  ev idence  wh ich  
c l ea r l y  show equ iva len t  r esu l t s  be tween  s im i l a r  p lacemen t  l oca t i ons .  
Pedersen  <1982)  compared  the  i nse r t i on  ga in  measured  w i th  the  
p robe  tube  p laced  i n  the  same two  l oca t i ons  as  was  used  i n  t h i s  s tudy .  
I n  seven  o f  e leven  sub jec ts ,  t he  resu l t s  were  no t  equ i va len t  i n  the  
f requency  range  be low  500  Hz .  These  d i f f e rences  showed  a  reduc t i on  i n  
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t he  i nse r t i on  ga in  when  the  p robe  was  p laced  be tween  the  ea rmo ld  and  
ea r  cana l .  Pedersen  a l so  ob ta ined  measuremen ts  w i th  an  occ luded  
ea rmo ld ,  whereas  the  p resen t  s tudy  compared  d i - f - f e ren t  SAV s i zes ,  as  
we l l  as  an  occ luded  ea rmo ld .  A  compar i son  o - f  t he  resu l t s  ob ta ined  
f rom these  two  s tud ies  w i th  the  ea rmo ld  occ luded ,  d id  no t  r esu l t  i n  
s im i l a r  f i nd ings .  I n  t h i s  s tudy ,  t he  i nse r t i on  ga in  measuremen ts  ( f o r  
the  occ luded  cond i t i on )  showed  s l i gh t l y  g rea te r  i nse r t i on  ga in  when  
the  p robe  tube  was  i nse r ted  be tween  the  ea rmo ld  and  ea r  cana l  f o r  the  
l ower  f requency  range .  Th i s  was  i n  con t ras t  t o  o the r  ven t  s i zes  
measured .  Typ i ca l l y ,  t he  i nse r t i on  ga in  was  l ess  when  the  p robe  tube  
was  p laced  be tween  the  ea rmo ld  and  ea r  cana l .  These  resu l t s  were  a l so  
i ncons i s ten t  and  d id  no t  suppor t  t he  no t i on  tha t  a  l ow  f requency  l eak  
( caused  by  the  l oca t i on  o f  t he  p robe  tube  be tween  the  ea rmo ld  and  ea r -
cana l )  occu r red  i n  a  cons i s ten t  and  p red i c t i b le  manner .  I n  add i t i on ,  
Pedersen  repo r ted  equ iva len t  measuremen ts  be tween  the  two  p robe  tube  
l oca t i ons  fo r  f requenc ies  above  500  Hz .  I n  the  p resen t  s tudy ,  a  l a rge  
va r i ab i l i t y  be tween  the  two  measuremen ts  occu r red  th roughou t  t he  m id  
and  h igh  f requenc ies .  These  va r i a t i ons  canno t  be  exp la ined  by  the  
sma l l  changes  i n  SAV i nse r t  p lugs  o r  by  the  poss ib le  e f f ec t s  o f  a  base  
l eak  be tween  the  ea rmo ld  and  ea r  cana l .  
Based  upon  the  resu l t s  o f  t h i s  s tudy ,  the  two  p robe  tube  
p lacemen t  s i t es  d id  no t  resu l t  i n  equ i va len t  measuremen ts .  Desp i te  
the  recommenda t ions  f rom the  manu fac tu re rs  o f  t he  CCI -10  t ha t  t he  
p robe  tube  shou ld  be  p laced  be tween  the  ea rmo ld  and  ea r  cana l  f o r  
c l i n i ca l  use ,  t hese  resu l t s  sugges ted  t ha t  f u r the r  compara t i ve  
measuremen ts  a re  necessa ry  i n  o rde r  t o  de te rm ine  the  exac t  e f f ec t  o f  
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probe  tube  p lacemen t  on  measuremen ts  ob ta ined .  
Re f i nemen t  o - f  t he  p rocedure  - fo r  t he  i nse r t i on  o- f  t he  p robe  tube  
needs  t o  a l so  i nc lude  a  compar i son  o- f  p robe  tube  i nse r t i on  dep th  as  
t h i s  may  be  a  con t r i bu t i ng  - fac to r  t o  the  va r i a t i ons  shown  i n  the  
measuremen ts  o - f  t he  two  p robe  tube  l oca t i ons .  A l though  t h i s  s tudy  d id  
no t  spec i f i ca l l y  add ress  the  dep th  o f  i nse r t i on  o f  t he  p robe  tube ,  t he  
impor tance  o f  t h i s  fac to r  i s  recogn ized .  An  examina t i on  o f  t he  p robe  
tube  i nse r t i on  p rocedures  has  i nd i ca ted  tha t  measuremen ts  r e fe r red  to  
as  ea rd rum SPL  have  no t  been  l im i ted  on l y  t o  those  ob ta ined  a t  the  
ea rd rum.  Measuremen ts  have  i nc luded  those  ob ta ined  a t  va r i ous  
d i s tances  f rom the  ea rd rum i n  the  ea r  cana l .  I n  o rde r  t o  p rec i se l y  
demons t ra te  t he  comparab i l i t y  o f  t he  two  p robe  tube  p lacemen t  
l oca t i ons ,  measured  i n  t h i s  s tudy ,  i t  wou ld  be  recommended  t ha t  t he  
p robe  i nse r t i on  dep th  be  spec i f i ed  and  rema in  cons tan t  f o r  bo th  
cond  i  t  i  ons .  
The  d i rec t  measuremen t  o f  hea r ing  a id  and  ea rmo ld  mod i f i ca t i ons  
on  the  hea r ing  a id  use r  shou ld  o f f e r  the  hea r ing  a id  spec ia l i s t  t he  
oppo r tun i t y  t o  v iew  the  immed ia te  e f f ec t s  o f  t he  changes  i n  the  
f requency  response .  Va r ious  mod i f i ca t i ons  th rough  the  use  o f  ven ts ,  
changes  i n  tub ing  s i ze  and  l eng th ,  and  dampers  repo r ted  by  Cox  <1979)  
a re  used  t o  c rea te  measureab le  e1ec t roacous t i ca l  changes  i n  hea r ing  
a id  ou tpu t .  The  oppo r tun i t y  t o  measure  these  changes  on  the  c l i en t  
mus t  be  v iewed  as  an  improvemen t  i n  the  p red i c t i on  o f  t he  poss ib le  
ou tcomes .  However ,  because  on l y  sma l l  acous t i ca l  changes  may  resu l t  
f rom these  mod i f i ca t i ons ,  any  measuremen t  i ns t rumen t  mus t  be  capab le  
o f  de tec t i ng  these  sma l l  changes .  I n  add i t i on ,  the  i ns t rumen t  mus t  
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a lso  be  capab le  o - f  r e l i ab le  and  repea t i b le  measuremen ts  i n  o rde r  t o  
make  compar i sons  mean ing fu l .  The  p resen t  r esu l t s  cou ld  no t  i den t i f y  
any  c l ea r  e f f ec t s  o f  t he  d i f f e ren t  SAV p lug  i nse r t s .  The  expec ted  
changes  i n  SPL  as  a  r esu l t  o f  d i f f e ren t  SAM p lug  s i zes  had  been  
obse rved  t o  occu r  i n  the  l ow  f requency  range ,  Cox  <1979) .  Regard less  
o f  t he  s i ze  o f  t he  ven t  p lug  tes ted ,  measuremen ts  i n  the  m id  and  
h ighe r  f requenc ies  have  been  obse rved  t o  rema in  essen t i a l l y  unchanged .  
These  obse rva t i ons  were  no t  subs ta in t i a ted  i n  t h i s  s tudy .  Fo r  bo th  
sug jec ts ,  t he  i neons i s tanc ies  i n  SPL  t h roughou t  t he  en t i r e  f requency  
range  p reven ted  the  i den t i f i ca t i on  o f  spec i f i c  ven t  assoc ia ted  
changes .  The re fo re ,  t he  s ta ted  advan tage  o f  t h i s  i ns t rumen t  t o  
measure  sma l l  acous t i ca l  changes  was  no t  rea l i zed  i n  t h i s  s tudy .  No  
c l i n i ca l  imp l i ca t i ons  rega rd ing  the  e f f ec t  o f  d i f f e ren t  SAM i nse r t  
p lugs  cou ld  the re fo re  have  been  d rawn .  
VI  :  SUMMARY 
I n  summary ,  t he  measuremen ts  o - f  SPL  ob ta ined  - f rom an  i ndependen t  
sound  l eve l  me te r  showed  some d i sc repenc ies  w i th  s im i l a r  measuremen ts  
• fo r  t he  CCI -10 .  The  need  - fo r  a  va l i d  measuremen t  and  ca l i b ra t i on  
p rocedure  w i th  the  CCI -10  i s  apparen t .  E - f - f o r t s  shou ld  be  made  t o  
i nsu re  the  accu racy  o- f  t he  i ns t rumen t  p r i o r  t o  measur ing  hea r ing  a id  
i nse r t i on  ga in .  The  sma l l  va r i a t i ons  i n  SPL  were  t yp i ca l  o - f  t he  sma l l  
changes  expec ted  as  a  resu l t  o - f  changes  i n  SAV p lug  i nse r t s ,  as  we l l  
as  o the r  t ypes  o- f  ea rmo ld  mod i - f  i  ca t  i  ons .  
The  d i - f - f e ren t  p robe  tube  p lacemen t  l oca t i ons  a l so  d id  no t  r esu l t  
i n  equ iva len t  r esu l t s  ac ross  measuremen ts .  The  i n te rac t i on  o- f  t he  
p robe  tube  p lacemen t  and  changes  i n  SPL  as  a  resu l t  o - f  SAV p lug  i nse r t  
changes  was  no t  c l ea r .  Th i s  obse rva t i on  suppor t s  the  need  - fo r  
con t i nued  resea rch  and  a  p rec i se  p rocedure  - fo r  ob ta in ing  measuremen ts  
i n  o rde r  t o  make  t he  CCI -10  a  c l i n i ca l l y  use fu l  i ns t rumen t .  
The  use  o - f  an  i ns t rumen t  such  as  the  CCI -10  i n  hea r ing  a id  
se lec t i on  and  - f i t t i ng  o - f - f e rs  t he  po ten t i a l  o - f  i den t i f y i ng  more  c l ose l y  
wha t  t he  hea r ing  a id  use r  ac tua l l y  hea rs .  However ,  t he  l ack  o f  
repo r ted  resea rch  on  t h i s  i ns t rumen t  and  the  resu l t s  o f  t h i s  s tudy  
sugges t  t ha t  c l i n i ca l  imp lemen ta t i on  i s  s t i l l  p rematu re .  Th i s  f i nd ing  
i s  impor tan t  because  the  CCI -10  i s  be ing  used  i n  a  va r i e t y  o f  c l i n i ca l  
se t t i ngs  a t  the  p resen t  t ime .  Exac t l y  how the  resu l t s  have  been  
i n te rp re ted  and  used  has  no t  ye t  been  repo r ted .  
I n  add i t i on  to  the  spec i f i c  p rob lems  no ted  i n  t h i s  s tudy ,  f u tu re  
resea rch  shou ld  a l so  i nc lude  a  tho rough  i nves t i ga t i on  o f  each  
p rocedura l  s tep  as  recommended  by  the  manu fac tu re r .  F ina l l y ,  the  
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e f fec t s  o f  room acous t i cs ,  sub jec t  p lacemen t ,  speake r  p lacemen t ,  and  
the  i n f l uence  o f  m idd le  ea r  cond i t i ons  on  measuremen ts  shou ld  be  
t ho rough ly  s tud ied .  Va r ious  poss ib le  sou rces  o f  e r ro r  and  t he i r  
i n te rac t i ons  mus t  be  eva lua ted  i n  dep th  i n  the  resea rch  env i ronmen t  
be fo re  t h i s  i ns t rumen t  can  be  success fu l l y  app l i ed  c l i n i ca l l y .  The  
resu l t s  o f  t h i s  s tudy  have  s imp ly  i den t i f i ed  a  few  o f  t he  p rob lems  
assoc ia ted  w i th  t h i s  i ns t rumen t .  
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Append ix  A  
Ras t ron i cs  CCI -10  Techn ica l  Spec  i  f  i  ca t  i  ons  
Aud io  ou tpu t :  
F requency  range :  
Keyboard  f unc t i ons :  
>4  W RMS-8  ohm 
125  Hz  t o  8k  Hz  i n  144  s teps  
Curso r  con t ro l  
P lo t  f unc t i on  
Manua l  F requency  Con t ro l  
Pu re  tone  
Wob le r  t one  + ,  100  Hz  a t  f r eq  25  Hz  
Compresso r :  
Max .  SPL :  
Sweep  speed :  
>60  dB  
P robe  m ic rophone :  130  dB  
Re fe rence  m ic rophone :  120  dB  
<20  seconds  f rom 25  Hz  t o  8k  Hz  
3  cu rves  can  be  d i sp layed  s imu l taneous l y  
+  1  dB  
<V/. 
Accuracy  o f  measuremen t  
D i  s to r t  i  on :  
T ime  f o r  ca l cu la t i on  
and  d i sp lay  o f  
i nse r t i on  ga in :  500  msec  
So f twa re  con t ro l l ed  120  dB  a t tenua to r  w i th  1  dB  reso lu t i on  
V ideo  ou tpu t  
Techn ica l  spec i f i ca t i ons  p rov ided  by  Ras t ron i cs  ApS.  US 
rep resen ta t i on :  Be rna fon ,  I nc .  129?  U .S .  Rou te  22  Eas t ,  Moun ta ins ide ,  
N .J .  07092  
Append ix  B  
Measuremen t  P rocedures  
1 .  The  Ras t ron i c  speake r  was  suspended  - f rom the  ce i l i ng  so  t ha t  
i t  was  l eve l  w i th  the  sub jec t ' s  ea r  a t  a  0  az imu th .  
2 .  The  sub jec t  was  sea ted  app rox ima te l y  1  me te r  - f rom the  
speake r .  
3 .  The  m ic rophone  assemb ly  was  hung  - f rom the  sub jec t ' s  p inna  
us ing  the  w i re  l oop  p rov ided .  
4 .  The  examine r  s tood  to  the  s ide  o- f  t he  sub jec t  and  he ld  the  
p robe  tube  t i p  1 /4 "  - f rom the  open ing  t o  the  p robe  
m i  c rophone .  
5 .  The  compu te r  keyboard  - f unc t i on  "P robe  Ca l i b ra te "  was  p ressed .  
Curve  B  (F igu re  B . l )  was  gene ra ted .  
6. The  keyboard  - f unc t i on  "S ta r t "  was  p ressed  to  ob ta in  an  80  dB  
SPL  ( "Ca l i b ra ted " )  s igna l  i n  the  p robe  t i p  c i r cu t r y .  Curve  A  
(F igu re  B . l )  was  genera ted .  Acco rd ing  t o  the  manu- f  ac  t u re r ,  
t h i s  "equa l i zes "  the  p robe  m ic rophone  c i r cu i t  so  t ha t  a  
cons tan t  ou tpu t  i s  ma in ta ined  th roughou t  t he  - f requency  
range  and  a  - f l a t  response  i s  obse rved  on  t he  CRT.  
7 .  The  keyboard  - f unc t i on  "Manua l  F requency  Con t ro l "  was  
p ressed  and  the  80  dB  SPL  s i gna l  was  ad jus ted  to  
70  SPL  dB .  Th i s  was  done  t o  avo id  sub jec t  d i scom- fo r t ,  
s i nce  bo th  sub jec ts  had  no rma l  hea r ing .  (The  CCI -10  
can  genera te  a  60 ,  70 ,  o r  80  dB  SPL  s i gna l ) .  
8 .  The  p robe  tube  was  i nse r ted  app rox ima te l y  18  mm i n to  
the  ex te rna l  aud i to ry  cana l .  
PRINTIN 
Fiqure B.l. Curve B ( bottom curve ) represents the initial sound field frequency response curve. 
Curve A ( top curve ) represents the 80 dB + 1 dB) "calibrated" signal. 
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9 .  The  keyboard  - f unc t i on  "P robe  Ca l i b ra te "  was  p ressed  t o  
ob ta in  a  measuremen t  o - f  t he  sub jec t ' s  ea r  cana l  resonance  
cu rve .  Curve  B ,  (F igu re  B .2 ) .  
10 .  The  keyboard  - f unc t i on  "S ta r t "  was  p ressed  and  the  ea r  cana l  
resonance  cu rve  was  au tomat i ca l l y  sub t rac ted ,  wh ich  resu l ted  
i n  a  - f l a t  - f requency  response  show ing  no  ga in .  Curve  A  
(F i  gu re  B .2 ) .  
11 .  The  p robe  tube  was  then  i nse r ted  th rough  the  spec ia l  ven t  i n  
the  ea rmo ld .  The  ea rmo ld  was  coup led  t o  the  hea r ing  a id  and  
was  then  i nse r ted .  The  p robe  tube  ex tended  app rox ima te l y  
2  mm beyond  the  t  i  p  o - f  t he  ea rmo ld .  Th i s  cond i t i on  has  
been  re fe r red  to  as  Cond i t i on  A  i n  t h i s  s tudy .  
12 .  The  keyboard  f unc t i on  "Manua l  F requency  Con t ro l "  was  p ressed ,  
and  ad jus tmen ts  were  made  us ing  the  hea r ing  a id  vo lume 
con t ro l  t o  p rov ide  12  dB  o f  ga in  a t  1000  Hz .  The  SAM was  
comp le te l y  unocc luded  f o r  t h i s  i n i t i a l  measuremen t .  
13 .  The  keyboard  f unc t i on  "S ta r t "  was  p ressed  t o  ob ta in  the  
" t rue  i nse r t i on  ga in "  th roughou t  t he  f requency  range .  
T rue  i nse r t i on  ga in  has  been  desc r i bed  by  Rasmussen  (1984 )  
as  be ing  rep resen ta t i ve  o f  t he  hea r ing  a id ' s  "e t ymo t i c "  
f requency  cha rac te r i s t i cs  a f te r  sub t rac t i on  o f  t he  
aud i to ry  mea tus  resonance .  
14 .  Measuremen ts  were  ob ta ined  fo r  a l l  SAM i nse r t  p lug  s i zes ,  
p rog ress ing  f rom the  unocc luded  to  the  occ luded  ea rmo ld .  
SAM i nse r t  p lugs  were  removed  and  rep laced  w i th  tweeze rs  i n  
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Figure B. 2. Curve A ( bottom curve ) represents the calibrated sound field. 
Curve B ( top curve ) represents the individual's ear canal resonance curve. 
Curve C ( middle curve ) represents the "flattened" frequency response curve. This 
is obtained by subtracting out the ear canal resonance. cn 
K3 
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or  p robe  tube .  The  - f requency  response  cu rves  were  ob ta ined  
by  p ress ing  keyboard  f unc t i on  "S ta r t "  - fo r  each  o - f  t he  SAM 
i  nse r  t s .  
15 .  Measuremen ts  - fo r  Cond i t i on  B  were  ob ta ined  by  i nse r t i ng  the  
p robe  tube  be tween  the  ea rmo ld  and  ea r  cana l .  Aga in ,  t he  
p robe  tube  ex tended  app rox ima te l y  2  mm beyond  the  t i p  o- f  
t he  ea rmo ld .  The  sma l l  ven t  t ha t  had  been  used  - fo r  
p rev ious  i nse r t i on  o- f  t he  p robe  tube  was  occ luded  a t  
i t s  med ia l  open ing .  Measuremen ts  - f o r  Cond i t i on  B  were  
sys temat i ca l l y  ob ta ined  i n  the  same manner  as  desc r i bed  
• fo r  Cond  i  t  i  on  A .  
